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I,  Intrcxluction: 

\^  A.  Purpose:  The  purpose  of  this  project  was  to  establish  a  mcxiel  to 

demonstrate  the  use  and  effectiveness  of  geo-thermal  energy  as  a  source 
of  space  heatin^i^  for  a  single  family  residence  in  the  Helena  area. 
The  de^mand  for  energy  for  space  heating  continues  to  grow,  and 
traditional  forms  of  energy,  i.e.  natural  gas,  oil,  propane,  are 
dwindling  in  supi>ly.  Because  of  finite  supplies  of  fossil  fuels 
cenewabJo  alternative  forms  of  energy  will  need  to  be  developed  and 
t^]^Un'fxi  on  a  large  scale  basis  to  augment  and  replace  existing  energy 
formi-; . 

B.  Sco^x^:  Speci  f  iciil  ly  the  grant  was  awarded  for  the  purposes  of  con- 
structing and  operating  a  model  hone  heating  system  utilizing 
;;<•<■>- thermal  enr-rgy.  This  was  accorrplished,  but  the  overall  project 
t  rii'cmpassed  n  i'^reater  effort,  and  it  is  the  hope  of  the  grant  n^'ipiants 
that  work  at-cc »np]  i shed  will'  be  benefical  to  others  examining  the  potential 
of  geo-thermal  energy  sources.  Unique  features  of  geo-thermal  energy 
IxK'ame  morf^  ;md  more  evident  as  the  work  tf»k  place. 

[Jnlike  other  forms  of  alternate  enei^  such  as  solar,  wind,  refuse 
conversion  to  mt^thane,  etc.;  geo-thermal  energy  is  site  specific, 
llie  energ>'  source,  on  a  home  heating  use  basis,  is  available  c^nly 
where  it  occurs  naturally.   It  lacks  the  features  of  solar  enerj.^ 
which  occurs  everywhere,  albeit  terrain  and  weather  conditions  are 
limiting  factors  as  to  its  effectivenesfi.  In  those  areas  w^e^T- 
geo-thermal  does  exist  it  can  be  used  as  an  energy  source. 

\.^  Another  characteristic  is  the  geo-thermal  source  itself.  Geo-thermal 

sites  have  many  variables.   In  making  r>ptimum  use  of  a  geo-thermal 
onergy  source  a  detaiUxi  analysis  must  be  made  of  the  specific 
geo-thermal  re.scxirct^  are^a. 

A  final  unique  r-haracteristic  of  geo-thf?rmjil  as  opposed  to  aJternnate 
forms  of  energy  is  thr  finite  features  of  sciix:'  deposits.   In  the  case 
of  the  energy  source  of  this  applicant  the  (energy  is  in  the  form  of 
hot  water.  As  is  the^  case  with  any  unde^rgroiond  water  deposi ts,  ac^iuif ers 
contain  only  a  certain  junoiint  of  wate^r -bearing  caf>acity,  and  further, 
recharge  at  only  a  given  rate.  While  geK>-thermal  »?nergy  is  clearly 
an  alternate  to  covent tonal  sources  it  dcx^s  have  finite  qualities  and 
therefore  must  Ix?  viewed  in  the  proper  context  with  n aspect  to  renewable 
ch  ar  ac  t  er  i  s  t  i  cs . 

^ '     PT"oJ€?ct  Location:  The  location  of  the  project  is  west  of  Helena 

approximately  two  and  one  half  miles.  The  property  is  the  site  of  the 
hot  water  springs  used  in  the  early  part  of  this  c^entury  to  sxipply 
the  Broadwater  natatorlun,  apprt)ximately  one  and  a  half  miles  east  of 
the  site.  Limitfxi  development  of  the  hot  water  springs  occurred  by 
constructing  a  gathering  system  and  in  turn  a  gravity  flow  through 
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pi]:x!S  to  sf^r\'e  the  natatoriiin  site.  During  the  earth  quakes  of  1935 
I  he  supply  lines  w?re  broken.  The  lines  were  repaired,  however,  the 
operation  was  sfiut  dosMi  in  1939  and  sincx?  that  time  the  spring  flow 
has  bc^-n  into  Ton  Mile  Crt?ek,  The  specific  project  area  in  this  grant 
is  ill  tho  N  1/2  JS(H'.tion  28.  T-II-N,  R-4-W,  }I\.VM.     The  site  of  the 
d«Tnonst,i-at  ion  r!K)del  horm?  lies  apprcxximately  9(X)  Rvl  frctn  Ten  Mile  Creek 
;md  is  ;ipf )rox i rna 1 1 >  1  y  500  feet  fron  the  appar(?nt  <  (Miter  of  the  gcx^-thermal 
■.oiirce  o\'   onon';y.  The  property  is  a  narrow  alluvial  valley  flfx)r  with 
sinning';  hi  1 1  sides  with  rock  outcroppings .  See  map  on  pa^^e  12. 

D.  r/^)js:   It  was  the  specific  goal  of  the  applicant  to  (construct  a  dwelling 
andTdoitonstratc^  the  ability  to  heat  that  dwelling  with  ger^-thermal 
•-•nergy. 

I»  •(^L(.)ping  a  heating  system  for  a  dwelling  did  rexjuin^  specific  research 
iiid  actic^ns,  >>mt  questions  arose  as  to  a  geo-thc.'rmal  source  o!  enr-rgy. 
\iiv  individujil  that  has  accfess  to  such  resourc(\s  or  is  considciing  the 
1  love  1  Oilmen t  o!  such  a  ref^oiu-cc  must  also  considc^r  such  (actor;  ius  area 
g(^;logy\  source  of  the  hot  water  quality  of  water,  life  of  the  gc^-thermal 
^^)urce.  and  then  adaptation  to  a  usage. 

(>l)tLniizing  tho  use  and  benefits  of  the  available  energy  fran  the  source 
;iro  considerations  that  any  individual  involved  in  a  development  r»f  this 
iKiture  must  address. 

Tlie  recipit^nt  of  this  grant  did  investigate  these  c^ut^stions  or.  a  limited 
l)asis  and  detormineci  imswers  with  a  varying  degre(^  of  success   l-'ull 
knowledge  of  th(^  j>)tential  for  this  site  was  limited  because  ')f  the  lack  of 
U'chnical  knowled^^e  available,  financial  requirements  and  time?  cx^nsidera- 
I  ions. 

n  is  hope^i  the  in lormat  ion  provided  in  this  report  will  provide  specific 
inlormation  on  a  heating  system,  and  additionally  provide  guidance  and 
insight,  and  pc^rhaps  nns-wers  to  those  individuals  working  in  the  area  of 
geo-thermal  res<>urc(^s. 

11.  Project  Implementation: 

A.  Ijevelopement  o?   r-esource  information.  I'Ycm  the  Ix vanning  ol  this  project 
it  was  net^essary  for  the  applicant  to  determine  th«  nature  of  the 
geo-thermal  source  of  energy.  Defining  the  character istic^  of  tht» 
supply,  and  tc;  the  extent  possible  the  amount  of  hot  water  available. 

Initial  ob.se rvat ions  were  made  of  the  area.  From  visual  insp^Kition 
of  the  site  it  was  evident  there  was  a  hot.  wat«^r  source  emerging  fran 
underground  sources.  Fr(jm  the  limited  development  of  three  springs 
and  the  crude  in  place  collection  system  it  wa.s  determined  the  flow  was 
approximated  200  ira lions  per  minute  of  water  with  a  tcinperature  of 
1-16*^-150*^. 
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The  applicant  further  attaipted  to  define  the  area  of  geo-thermal 
activity  with  the  use  of  test  holes  dug  with  a  backhoe.  Excavations 
made  to  a  10  f(X)t  depth  helped  to  identify  the  area,  and  give  a  general 
lcx:ation  ot  areas  to  drill  wells.  Through  the  use  of  this  technique 
i  t  appeared  the  ^eo-thennal  source  occurred  in  a  300  fcx^t  perimeter 
;irea.  Six  wells  were  drilled  with  the  idea  of  de terming  the  extent 
ot  tte  ge(^-thermal  deposit.  Below  is  description  of  the  well  di'illing 
activity: 


Well 


NijniH?r 

Depth 

Ga]  lons/min . 

Temperature 

1 

90 

100 

138^^ 

2 

120 

70 

132^^ 

3 

212 

400 

152^ 

4 

115 

80 

]15<^ 

5 

200   ' 

20 

told 

6 

350 

800 

152^ 

W(}11  nurrter  5  was  drilled  outsi(U'  the  inmediate  area  and  showed  no 
•>videnc<'  of  hot  water.  Well  number  6  proved  to  be  the  most  productive 
well  since  it  (lid  prcxluce  800  gallons  per  minute.  Well  numbf^r  3,  th* 
well  utilized  fcjr  the  geo- thermal  demonstration  mcxlel,  also  pnive<l  to 
Ix^  a  productive  well.  After  pumping  well  number  3  for  a  pericxi  ot  72 
hours  the  draw  down  wai^  11.2  feet.  Temperatures  of  the  water  remained 
constant  throughout  the  test  at  152^.  See  plot  layout  page  K^. 

A  necessary  st(T)  in  the  project  was  to  determine  the  chemical  luialysis 
'it  the  water  source.  Tests  taken  of  the  water  showed  results  as  follows: 

Mi  1 1  igrajns/Li  ter 

Calcium  (CA)  9.1 

f^nesium  (Mg)  .3 

Sodium  (Na)  170.0 

Potassiin  (K)  5.9 

Bicarboniile  (IKX).^)  193.0 

Sulphate  (S().^)  '  180.0 

Chloride  (CI)  34.0 

Flourine  (F)  11 .0 

Nitrates  (ND3)  .0 

Total  Hardness  (as  CAOO3)  24.0 

Total  Dissolved  Solids  598. (X) 

PH  7.4 


This  data  did  not  vary  significantly  frrjm  earlier  tests  made  ot  water 
by  the  United  States  (jeological  Survey.  See  appendix  A  for  water 
quality  report. 
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B.  Analysis  of  resource.  Consultants  were  utilized  in  analyizing  the 
extent  and  quality  of  the  resource.  TTie  primary  consultant  with 
respect  to  the  acquifer  was  Barrel  E.  Dunn  a  geologist-hydorlogist 
?ussociated  with  Earth  Science  Services,  Inc.  A  geological  consulting,  a 
tirm  in  Bozeman.  Report  appendix  B.  Mr.  Robert  Leonard,  a  staff 
hydrologist  with  the  Helena  USGS  office,  has  been  in  the  process  of 
prc^parln^  data  on  gcx)-thermal  sites  in  Montana.  His  report  on  the 
water  quality  is  contained  in  appendix  A.  Others  contemplating  the 

use  of  gtx)-t hernial  energy  should  contact  Mr.  Leonard  for  existing 
(.Li  t  a . 

Max  l^)t.z  a  liydn)logist  with  Westech  in  Helena  was  also  used  as  a 
consij  1  t.ant . 

Ir  addition,  c(K)perat ion  and  some  analysis  work  was  obtained  thrr>ugh 

t»  source  peoph'  existing  governmental  organizations.  Mr.  Rci>ert.  Chadwick 

frorn  Montana  Siatf  University  servcni  as  a  source  of  information  luid 

made  on  site  insf^ections.  Some  resistivity  tests  were  run  in  the 

area  as  pari  ot  student  class  Mwoi-k  at  the  geology  school  in  Bc^zeman, 

but  information  derived  was  not  conclusive. 

I  infinitive  information  about  the  potential  for  the  resource  was  not 
(conclusive.  Because  of  the  lack  of  detailed  information  it  was  not 
determined  what  the  sustained  output  of  acquifer  is.  Estimates  v\m 
as  high  as  2,475  gallons  per  minute,  but  this  cannot  be  substantiated 
on  a  continual  ba.sis  over  an  extended  period  of  time. 

It  was  suggested  that  drilling  to  perhaps  a  depth  of  1,000  fe^'t  may 
prr:)duce  higher  temperatures  and  greater  flows,  however,  availability 
^.>l   drilling  rigs  capable  of  these  depths  in  the  Helena  area,  and 
financial  considerations  a.ssociated  with  obtaining  this  kind  of  machinery 
pi'ecluded  the  applicant  frtm  investigating  in  detail  the  supply. 

The  conclusion  cim  l.)e  made,  based  on  the  evidenct^  obtained  from  drilling 
and  analysis  b\  consultants,  that  sufficitmt  quantities  of  hot  water 
exist  to  supix)rt  a  rather  extensive  developnent . 

C.  System  design  for  dtynonstration  model .  Basic  inwstigation  was  made 
into  the  use  ni'   gfx)- thermal  resources  for  space  hearing  and  energy 
production.  Thr-oughout  the  world,  and  in  the  Western  I  .S.  geo-thermal 
resources  have  been  employed. 

Some  of  the  most  sophisticated  developments  occur  outside  the  U.S. 
Both  Iceland  and  New  2!lealand  have  ernployed  the  use  of  geo-thermal 
energy  in  the  generation  of  electrical  power.  These  resources  differ 
substantially  from  the  resource  located  west  of  Helena.  Temperatures 
are  much  higher  and  the  area  involved  is  large. 


Perhaps  more  applicable  are  those  activities  and  deposits  nearer  to 
Montana;  of  particular  interest  is  the  area  around  Klamath  Falls, 
Oregon.  There  space  heating  using  geo-thermal  energy  is  extensive. 
Both  large  ccxrplexes  and  individual  hemes  are  utilizing  the  hot 
water  source.  Techniques  used  there  merit  consideration  for  Montana 
developments,  however,  b€>cause  of  the  type  of  geological  formations 
and  the  nature  of  the  acquifers^  specifically  at  Broadwater  site;  a 
different  approach  was  necessary  for  demonstration  model. 

Tv'i:)i rally  the  rnethc^d  employed  in  the  Oregon  area  is  a  down  hole  closed 
l(x)p  h(3at  exchanger  system.  Because  there  are  flowing  acquifers  at 
rathtT  deep  depths  hdnes  are  clustered  on  one  well  to  reduce  well 
drilling  costs  j)fr  dwelling  heated. 

\tter  an  evaluation  of  information  available'  and  on  advice  from 
consultants  it  appeared  a  forced  air  system  utilizing  a  dire<:M  flow 
>!  the  hot  waiter  resource  through  a  fin  type  hf^at  exchanger  installed 
in  a  furnace  would  be  the  most  appropriate  met^Kxl  of  providing  sj)ace 
h(^at . 

(Xjnsultants  used  in  the  system  design  were  Janie^s  K.  Balzhiser  a 
inf^'hanlcal  engineer  I'rGm  Eugene,  Oregon.  See  ai)pendix  C. 

I^widing  a  valuable  assistance  was  Mr.  Joe  G.  Keller-  of  HI  &  (i  Idahi), 
Inc.  Mr.  Keller  provided  information  on  (equipment  and  sizing  of  the 
unit.  See  appt^ndix  D. 


D.  System  Ccjnponents .  The  demonstration  mtxlel  consisted  of  the  following 
friajor  ccirponents.  S<"«^  drawing  page  14 

1.  Well  and  punp. 

2.  Piping  Inm  well  to  house. 

3.  Furnace  system. 

4.  Domf'stir  hot  water  heater. 

5 .  Cc«i  t  ro  I  s . 

TTiese  various  c'om|x:)nenis  art^  desc 'rilled  in  more  detail  in  the  following, 

1.  The  wf  1 1  nurrfcer  3  was  utiliz<:Kl  as  the  gfo- thermal 
s(3un:u>  for  the  project.  Well  nunter  'A   had  \K.'im  p\m%) 
tested  at  400  gallons  per  minute  with  a  niLximum  draw 
down  of  11.2  feet.  Water  temperature  was  constant  at 
152^V.  A  ont*  horsepower  Jacuzzi  Centrifrigal  pump  was 
installfxi  using  hot  water  seals.  Initally  the  piiT|D  was 
set  at  at  punping  rate  of  12.5  gallons  \x^}'  minute. 

2.  The  dwelling  is  located  500  feet  frcxn  the  Ux-ation  of  the 
hot  water  well.  One  inch  interior  diameter  black  iron 
pipe  was  used  as  the  conduit  to  transfer  the  hot  water 
between  house  and  the  well  and  return  to  the  acquifer. 
Other  forms  of  specialized  pipe  for  handling  hot  water 


are  available  on  the  market,  however,  not  locally. 
ReaxTTTiendations  by  consultants  indicated  the  corrosive 
nature  of  the  water  was  not  severe  enough  to  warrant 
the  added  expense.  Tlie  iron  pipe  ased  should  remain 
ser*viciable  for  40  years  before  any  breakdown  because 
of  cx)rr()sion  from  the  hot  water.  Whi  le  the  corrosive 
characteristics  of  the  hot  water  seem  slight  there  does 
appear  to  be  some  corrosive  action  caused  by  the  existing 
soil.  On  reexamination  of  the  pipe  where  it  was  allowed 
to  (xjmc^  in  ciontact  with  the  existing  soil  seme  evidence 
of  corix)sion  is  present. 

The  pi[H'  was  installed  in  a  trench  four  feet  deep. 
A  considerable  amount  of  blasting  was  necessary  because 
of  l:>»dn)ck  encountered.  The  pip<-^  was  laid  in  a  Ix^i  <n 
dr>  sjind  with  a  minimum  of  6"  tx^low  iuid  above  the  ('if*'. 
This  iner^Lhcxi  of  insulation  proved  effective.  The  hoai 
Joss  during  the  transmission  to  the  house  was  cmly  a 
drop  40p. 

In  the  saints  trench  a  return  discharge  pi|x?  from  the  heat 
exchanger  was  installed  in  order  to  return  the  water  to 
the  acquifer. 

Furnace  system:  A  conventional  forced  air  heat  distribution 
system  was  installed  in  the  dwelling.  This  system  i.^ 
typical  of  forced  air  systems  install exi  in  dwellings 
utilizing  oil,  propane,  or  natural  gas  burners.  'Hk' 
system  was  installed  by  Carson  Ccjmpany,  a  local  heating 
contractor. 

Instead  of  a  burner  being  install fxl  in  the  furnace  a 
fin  t^qx^  he»at  exchanger  was  installod.  The  unit  was 
manufactured  hv  Tanp-Trol  Cori^)ration.  The  unit  mf.»asures 
15"  X  24"  and  features  four  rows  of  tubing  with  eight 
pa'->ses . 

Dom»!HMc  hot  watrr  is  also  heatexi  utilizing  the  geo-thermal 
energy.  A  unit  manufac'tued  by  American  Appliance  which 
features  a  full  surface  double  walled  ln-at  (exchanger  wa.s 
selected.  The  unit  was  originally  design***!  for  solar 
adaptations.  The  solar  cx^ntrols  were  rc^Dovt-d  and  tlie 
unit  was  installed  with  a  direct  flow  fnirn  the  geo-thenral 
well  .  The  domestic  hot  water  can  b^^  heat(>d  to  a  tenperature 
of  14{P. 

Conrols:  The  significant  features  of  tlw  system  included 
the  controls.  All  of  the  valves  are  tht^Tnostatically 
controlled  and  depending  on  heat  required  valves  are 
opened  or  closed  to  allow  the  hot  well  water  to  pass 
through  the  heat  exchanger  in  the  furnace  or  to  the  hot 
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water  heater.  The  valves  used  are  White  Rogers  zone 
valves  utilized  in  a  donestic  hot  water  heating  system. 
Ttieromostats  also  are  installed  in  the  hot  water  heater 
and  furnace  to  turn  the  pimp  on  when  heat  is  needed  for  a 
furnace  or  hot  water  heater.  Polar  Electric,  a  Helena 
firm  installed  the  valves  and  controls. 

The  dwelling  itself  was  a  newly  constructed  frame  house 
with  brick  veneer.  There  is  1188  square  feet  on  the  main 
flcx)r  and  616  square  feet  finished  in  the  basement. 
The  other  area  in  the  basement  is  utilized  as  a  garage. 
Insulation  rating  is  R-38  in  the  ceiling  and  R-19  on  the 
walls. 

No  back-up  system  was  installed  in  the  dwelling.   In  the* 
event  of  a  total  failure  of  the  system  a  fireplace  \uth 
force^l  ni r  grate  c©uld  be  utilized  to  prevent  cold  weather 
damage  to  the  property. 

Tlie  fin-nace  distribution  system  is  fairly  standard,  and 
in  the  event  of  a  failure  of  the  geo- thermal  source  an 
ekntric  heating  element  could  be  install(xi  in  the  furnace 


h.     Problem  Areas.  For  the  most  part  once  the  system  was  installed  it 

operated  as  planned.  The  temperature  in  the  house  could  1>>  controlled 
and  the  domestic,  hot  water  heater  provided  an  adequate  sourc*-  for 
the  occupants  of  the  house.  Installing  the  controls  presented 
seme  problems  but  was  resolved  through  trial  and  error. 

One  area  that  may  be  of  concern  in  the  future  is  the  corrosive 
nature  of  the  soil  on  the  site  of  the  project.  While  the  water 
from  the  gtx)-thermal  source  is  thought  not  to  be  corrosive,  there 
may  be  some  corrosive  action  between  the  black  iix)n  pipe  where 
it  may  come  in  contact  with  the  surrounding  soil.  Other  types 
of  pipe  may  Ix*  rocjuired,  but  should  be  adapt (xi  to  a  specific  site. 

One  problem  enc/)untered,  but  not  i*elated  to  the  actual  in.stal  lation 
involved  the  rtx'.k  that  requirtxi  biasing  in  order  to  install  the 
pipe  fmm  thf?  well  to  the  house. 


III.  Testing: 


Because  the  system  functioned  well  from  the  installation  extensive  testing 
was  not  requii^d.  The  primary  area  of  testing  centercxl  around  the  amount 
of  water  puiped  by  the  well  and  through  the  system.  E(iaipment  used  included 
a  recorder  obtained  from  Montana  Power  Corrpany  to  measure  the  time  the 
pimp  was  operating  and  a  temperature  recorder  obtained  from  Carson  Company  was 
placed  in  the  house  to  measure  the  time  effects  of  the  system. 


v^ 


In  trie  initial  installation  of  the  system  the  pvimp  supplying  the  hot  water 
to  the  house  was  set  to  operate  on  a  constant  basis  of  12.5  gallons  flow 
\)ev  minute.  Under  these  conditions  there  was  a  tendency  for  the  house  to 
over  heat,  and  obtaining  an  even  temperature  was  difficult. 

The  well  flow  was  then  adjusted  to  6.6  gallons  per  minute  flow  and  switches 
installed  that  on] y  caused  the  well  to  punp  water  when  heat  was  required. 
The  r(»suU  was  an  improvement.  Tenperature  levels  in  the  house  were  maintained 
at.  t,  h«'  tk?s1red  level  and  energy  use  was  reduced  by  not  running  th(^  nini^ 
com  iDnously. 

Results  showed  the  punp  W3uld  turn  on  3  to  4  times  per  hour  and  operate 

for  approximately  5  minutes  before  turning  off.  See  recordings  on  pages  15-18. 

1 V .   Sys  t  *  III  Per  f ormancf  > : 

It  is  evident  from  the  work  conpleted  on  the  demonstration  model  a  space 
heating  system  can  be  successfully  enployed  using  geo- thermal  enerK> . 
From  H  design  and  ease  of  operation  standpoint  the  systen  works.  I  tttie 
maintalnance  is  requirt^d  and  for  the  home  occupant  changing  furnace  filters 
is  the  primary  rexjui  remt^nt . 

It  nils!  be  pointed  out  thi.^  systtm  does  depend  on   the  availability  of 
ele«-tr)city  supplied  by  a  utility  firm.  Break  in  service  makes  the 
sysinTi  inoperable. 

To  date  the  system  has  lx.H^n  reliable,  and  shcxild  cxmtinue  to  cperate  for 
the  life  of  the  dwelling.   As  with  any  hone  heating  system  certain  parts 
may  wear  out  and  have  to  be  replaced.  The  forced  air-  motor  on  the  furnace 
unit,  control  valves,  (^ic.  are  items  in  conventional  systems  that  have  a 
tendency  to  need  replactment  ti^m   time  to  [imc 

The  one  additional  feature  in  this  system  that  has  an  advei-se  eff(^;t  on 
reliability  is  the  pun^  supplying  the  hot  water  to  the  systtm.  As  with 
any  water  pump  the  possibility  of  failure  is  present. 

V.  Cost  of  Project: 

The  total  cost  of  this  demonstration  model  was  $71,785.62.  This  outlay 

is  in  excess  of  the  project  grant  and  represents  the  cxrjst  of  construction 

of  a  house.  A  break  dcwn  of  the  project  cost  is  shown  and  ftirther  discussed  in  the 

econonic  analysis.  Those  items  with  an  asterisk  are  attributable  to  this 

project. 


Hoase  cfjn  struct  ion  (less  heating  and  hot  water  system)        $45,489.35 
Land  value  8,500.00 

*  Ojnsulting  Se^rvices  1,761.50 

*  WeJl  Drill  i.n^^  luid  Testing  6,912.00 

*  }>urTip  and  03nLn)ls  1,529.00 

*  Pip(3  and  Installation  ,  3,365.00 

*  h\irnace  System  2,460.65 

*  Hot  Watt?r  Tank  ?:  Installation  650.00 

*  lAiui))mt'nt  RtmtaL  240.00 

*  Travel  654.00 

*  i'hone  224 .  12 

$71,785.62 

Whi  h    ilv^  domeonstnit  ion  model  dost  was  $71,785.62  much  of  that  cost  rannot 
be  attfibuted  din^clly  to  the  project.     Those  direct  project  costs  run 
$17.79(5.27. 

\T  .      Ec(  )rioi!U  c  Eval  uat  J  on  : 

It  was  demonstrated  physically  that  a  geo-thermal  source  of  energ>  could  be 
used  to  provide  the  space  heating  for  a  dwelling.  More  ijiportantJy.  with 
r(>;|)ect  to  the  alternative  energy  program  is  to  determine  if  in  a<'tu:d 
iaci:  fossil  energy-  was  conserved  and  the  operation  of  such  a  systHTi  is 
ecujndnical. 

Sinct^  tiie  energy  re<}uirfd  lo  heat  the  house  is  containexi  in  the  hot  water 
thf  v-iily  additional  energy  re<iuir(;Ki  to  operate  the  system  is  for  the 
operation  of  the  pump  and  the  tiin  motor  in  the  furnace  system.  Conventional 
fom>^  of  space  heating  energy  such  a.s  natural  gas.  i-lectricity ,  oil  etc. 
were  not  rcxijuired  and  one  can  only  draw  the  conclusion  that  other  forms 
of  energy  were  conserved. 

It  appears  the  elec^tr^caI  cost  of  operating  the  well  p\mtp  will  average 
about  $5  per  month  and  appn^ximatel v  $2.50  for  operating  the  forced  air 
furnace  motor.  The  nxmt.hly  charge  for  oj)erating  the  svstem  is  ;i|)proximHtely 
$7.50. 

Montana  Power  has  calculated  the  estimated  cost  to  heat  a  iMine  of  similar 
size.  Using  natural  gas  the  EUinual  heating  ct^sts  would  be  $320.20  or  an 
average  of  $26.68  per  month.  Using  electric  heat  the  annual  heating 
charge  is  estimated  at  $607.22  or  $50.60  per  month. 

.On  an  operating  cost  basis  there  does  appear  to  be  ainsiderable  sa\ mgs 
using  the  geo-thermal  e^nergy. 


Annual  Annual  Annual 

Geo-Thermal  Cost       Natural  Gas       Electricity 
$90  $320.20  $607.22 

'Hie  contention  tliat  energy  is  cxMiserved  and  the  geo-thermal  source  does 
reduce  a)sts  is  supported  by  the  electrical  usage  at  the  property  site. 
During  a  20  month  pericxi  fron  January,  1978  through  August,  1979  the 
average  monthly  electrical  charge  on  the  project  site  was  $36.80.  The 
hone  was  occupied  by  a  family  of  four  and  in  addition  to  elexitric  lights 
there  was  an  electric  range  and  refrigerator.  The  (xxupant  also  operated 
iin  electric  welder  part  of  the  time  and  used  head  bolt  heaters,  both  of 
which  are  heavy  asers  of  electricity. 

In  e\'Mluating  the  economic  aspects  of  the  geo-thermal  unit  other  costs 
must  U^  considered.  There  is  no  question  that  the  initial  capital 
exiK^ndltures  are  greater  for  the  system  in  the  demonstration  model.  Seme 
of  those  costs  are  shewn  in  the' preceding  section,  and  are  costs  that 
would  need  to  be  considered  in  the  installation  of  a  system. 

The  initial  costs  will  vary  frcm  site  to  site  depending  on  well  depth, 
distance  to  home  from  supply,  rock  blasting,  etc.  An  estimate  can  be 
made  of  the  capital  outlay  to  install  a  system  from  the  costs  encounter*^ 
in  this  project. 


Well  drilling  (200'  @$14)  $2,800.00 

Pump  and  controls  1,500.00 

Piping  and  installation  (200'  (9$3)         600.00 

Heat  exchanger  for  furnace  3(X).00 

Hot  water  heater  400.00 

Pngineering  1 50 .  CX) 

$5,750.00 

If  this  additional  a^>st,  over  and  above  a  conventional  system,  were 
encountered  and  was  financ<xl  at  10%  interest  ever  30  years  with  the 
construction  of  a  hrme,  the  monthly  payment  would  Ix^  $50.49.  Fran  tlie 
standpoint  of  ectxiciny,  a  single  family  unit  with  this  type  of  expenditure 
per  month  may  be  a  marginal  situation.  What  energy  cost  savings  may  be 
realized  might  be  offset  by  capital  crjsts. 

Multi  use  of  a  single  well  or  finding  sources  of  geo-lh«iTnal  energy 
closer  to  the  surface  would  reduce  the  capital  expense  {)er  dwelling. 


VII.  Access: 


The danonstration  mtxiel  has  been  available  to  inspection  by  the  put>lic, 

and  serveral  individuals  and  groups  have  visited  the  project.  Mr.  Frank  Gruber, 

one  of  the  applicants,  and  the  owner  of  the  property  may  be  contacted  for 

an  inspection. 


In  addition  to  information  in  this  report  Mr.  Gruber  has  other  publications 
and  information  that  may  be  of  assistance  to  those  investigating  geo-thermal 
energy  sources.  Since  the  coipletion  of  the  demonstration  model  Mr.  Gruber 
has  constructed  a  health  club  utilizing  the  geo-therma]  energy  available 
at  the  site. 

Mr.  Gruber 's  addr(?ss  is  4920  Highway  12  West,  Helena,  Montana,  406/443-3630. 

VIII.  Conclusions  and  Recorrmendations : 

It  can  be  concluded  the  denwnstration  model  was  successful.  The  applicant 
did  a^nstruct  and  op<?rate  a  space  heating  system  in  a  dwelling  utilizing 
a  Ke<^ thermal  source  of  energy. 

(jfxj-ih<*rmal  energy-  sources  are  a  viable  alternative  to  conventional  forms 
oL'  f»n(*rgy  if  used  on  a  large  scatle.  For  an  individual  home  owner  to  take 
advantage  of  this  type  of  energy  source  capital  costs  of  installation  may 
be  prohibitive. 

It  can  further  be  stated  the  alternative  energy  grogi'am  of  the  State  of  Montana 
was  benefical  to  the  success  of  this  project.  Infoni»ation  developed  in  this 
project  and  other  projects  should  have  a  positive  efftK^t  on  the  long  term 
energy  conservation  efforts  in  \fc>ntana. 

The  applicant  submits  the  following  reccrmendations  to  those  indivuiuals 
regarding  a  geo-thermal  usage. 

1 .  A  detailed  investigation  should  be  made  of  a  geo-thermal 
site  to  determine  the  energy  available  on  a  sustaining  basis. 

2.  An  overall  development  plan  should  be  made  tor  an  area 
that  would  take  advantage  of  multi-uses  of  a  well  in 
order  to  rniniinize  cafjital  expaiditures  per  use. 

3.  Individuals  investigating  this  form  of  energy'  should 
carefully  review  initial  capital  outlay  in  the  construction 
of  a  system. 

4.  Because  of  the  frequent  natural  (x:curance  of  hot  springs 

in  Montana  the  state  should  encourage  a  policy  of  utilizing 
this  resource  as  a  way  of  conserving  conventional  forms  of 
energy. 
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1.  Iheimostat  in  house  calls 
for  heat. 

a.  Punp  is  »iritched  on. 

b.  Valves  1  and  2  open. 

c.  Valve  3  closes. 

2.  Desired  heat  level  in  house 
is  attained. 

a.  Ptrp  is  shut  off. 

b.  Valves  1  and  2  close. 

3.  Hot  water  heater  calls  for 
heat. 

a.  Punp  is  switched  on. 

b.  Valve  3  opens. 
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Water  pump  operating  recordings, 


Water  pump  operating  recordings, 
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Temperature  recordings  taken  at  forced  air  outlet 
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SELECTED  DATA  FROM  THEBMAL-SPKHIS  iMitS^  ^Q^^  MOKTAHA 

By 
Robert  B.   Leonard,  Tordls  M.   BtrosCtn,  mod  UpVlMn  A.  Hldtlyng 
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During  1975-77  the  Montana  dUtrtct  of  th«  U.S.  Geological  Survey 
collected  and  assembled  data  descrlbiiii:  the  fidif*  CMperature*  and  cb«8il-» 
cal  characteristics  of  thermal  and  rlXatttd  watttA«^  ^  work  was  part  of 
an  assessment  of  the  geo thermal  r«sotirc#tt  «i  sou^hvrestern  Montana,  ex^ 
eluding  Yellowstone  Park.  The  purpose  of  this  l^eport  is  to  present  repre'- 
sentative  data  from  24  thermal  springs  and  3  dc«p  veils  where  water  tettpara** 
tures  exceed  38°C  (100  F) . 


^U-:\  -rl 


-■^M 


Initially,  the  data  base  included  references  reported  by  Waring  (1965). 
The  data  base  also  included  unpublished  chemical  analyses  of  water  samples 
and  related  data  collected  during  1959-73  by  the  Montana  State  Board  of 
Health  (now  Montana  Department  of  Health  and  Environmental  Sciences), 
the  Montana  Bureau  of  Mines  and  Geology,  and  by  graduate  students  for 
theses.  Results  of  analyses  and  engineering  reports  were  collected  from 
landowners,  and  additional  published  and  unpublished  data  were  collected 
by  Geological  Survey  investigators  during  1967-75  (see  Selected  references). 

Tabulation  of  the  data  revealed  wide  discrepancies  in  reported 
parameters  for  some  sites.   Inadequate  description  of  the  sampling  sites 
limited  the  value  of  much  of  the  previously  reported  data,  because  most 
of  the  thermal  springs  were  characterized  by  multiple  outlets.   The  rate, 
temperature,  and  chemical  composition  of  flow  at  the  various  outlets  com- 
monly differs  and  may  fluctuate  seasonally  as  a  result  of  dilution  by  shallow 
ground  water.   Therefore,  most  of  the  sites  w^re  revisited  to  obtain 
information  needed  to  expand,  evaluate,  and  fill  omissions  in  the  data 
base.   Special  effort  was  made  to  augment  data  collected  during  the  suoaner 
of  1974  at  21  hot  springs  by  other  Geological  Survey  investigators  with 
similar  data  collected  during  other  seasons. 


Field  measurements  of  rate,  specific  conductance,  pH,  and  temperature 
of  flow  at  the  various  outlets,  particularly  those  having  the  highest 
temperatures,  were  compared  with  previously  reported  determinations.  At 
some  sites  partial  analyses  for  chloride  or  other  relatively  stable 
constituents  sufficed  to  confirm  similarities  or  dissimilarities  with 
previously  sampled  waters.  At  other  sites,  more  detailed  analyses  were 
needed  to  describe  a  source  initially  or  to  replace  dissimilar,  and  possibly 
erroneous,  information  in  the  preliminary  listing.  Where  correlation 


was  established,  new  data  were  merged  with  existing  data  according  to 
location.   Samples  of  associated  cool  waters  were  collected  to  evaluate 
the  possibility  that  they  compose  part  of  the  thermal  effluent.  Som9 
questionable  existing  data  were  retained  because  they  were  the  sole  aource 
of  information  that  may  describe  long-terra  fluctuations  in  the  chemical 
and  physical  properties  of  the  thermal  waters. 


Chemical  analyses  and  associated  data  are  grouped  in  tables  1-27 
by  hot-spring  areas,  arranged  in  downstream  order  according  to  major 
river  basins,  and  indexed  numerically  in  figure  1.   Locations  of  individual 
siti's  within  each  area  are  described  by  name  and  by  a  station  number 
composed  of  latitude  and  longitude.   Names  formerly  used  to  identify  th« 
hot  springs  are  shown  in  parentheses. 
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Figure  1. — Location  of   study  area. 
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Reported  rates  of  flow,  particularly  at  conanercially  developed 
springs,  vary  widely  according  to  the  observer  or  use  of  the  water,   A 
large  part  of  the  flow  normally  occurs  as  seepage.   Where  feasible  for 
this  study,  flow  was  measured  directly  using  the  Hoff  or  Pygmy  current 
meter,  a  Parshall  flume,  or  a  container  of  known  volume  and  a  stopwatch. 

Many  apparent  discrepancies  in  «iata  collected  in  the  past  at  a  given 
site  are  attributable  to  different  sampling,  analytical,  or  reporting 
techniques.   For  example,  pH  values  normally  were  determined  in  the  field 
by  USGS  and  In  the  laboratory  by  other  investigators.   Changes  in  the  pH 
and  the  concentrations  of  bicarbonate  and  calcium  commonly  accompany 

cooling  and  prolonged  storage  of  untreated  thermal  waters  before  analysis.  j 

The  concentraLions  of  dissolved  solids  for  samples  collected  by  USGS  ' 

are  the  calculated  sum  of  constituents;  although  roughly  comparable  some 
of  the  earlier  determinations  are  of  the  residue  on  evaporation.   Most 

of  the  chemical  analyses  in  this  report  are  of  samples  collected  after  j 

1973  by  Geological  Survey  personnel  according  to  techniques  outlined  | 

by  Presser  and  Barnes  (197^)  and  analyzed  by  the  Survey  either  in  the  d 

National  Water  Quality  Laboratory  in  Denver,  Colo.,  or  in  research  labora-  -^ 

tories  in  Menlo  Park,  Calif.  'I 

All  the  included  data  describing  composition  of  gases,  stable  iso- 
topes, radioactivity,  and  subsurface  temperatures  were  collected  by  the 
U.S.  Geological  Survey  during  1974-77  (tables  28-31).   Analysis  of  samples 
collected  during  the  current  investigation  for  determination  of  the  com- 
pt'nition  of  gases  associated  with  the  thermal  waters  (table  28)  and  for 

their  content  of  the  stable  isotopes,  oxygen-18  (   0)  and  deuterium  (D)  r 

(table  29),  was  expedited  by  Mariner  to  ensure  comparibility  with  the 
results  of  his  previous  investigation  (Mariner  and  others,  1976). 

The  isotopic  data  are  expressed  in  the  delta  (6)  notation: 

^x  "  ^td 


X  10^ 


^std 


wh«'  •  e  r 

-X  ■  reporting  unit  in  parts  per  thousand,  -□   ., 

M.   -  ratio  of  isotopic  concentration  of  the  sample  (D/H  or   0/   0)  ,  and 
•td  ■  ratio  of  isotopic  concentration  of  the  standard  (Standard 
Mean  Ocean  Water,  or  SMOW,  in  this  report). 

Most  of  the  major  hot  springs  and  some  associated  cooUt  waters  were 
sampled  by  the  Geological  Survey  for  determination  of  gross  alpha  and 
gross  beta  activity  by  the  Montana  Department  of  Health  and  Environmental 
Sciences.   Results  of  the  analyses  (Larry  Lloyd,  written  commun. ,  1976, 
197  7)  are  included  in  table  30.   Additional  samples  for  determination 
of  diaaolved  uranium,  radium-226,  and  radon  by  the  National  Water  Quality 
Laboratory  were  collected  mainly  at  sites  where  the  Montana  Department 


of  Health  and  Environmental  Sciences  analyses  revealed  abnormat  levvt* 

of  radioactivity  (see  table  19). 


Subsurface  temperatures  in  selected  wells  were  measured  with  •  tl 
istor-Whcatstone  bridge  combination  capable  of  measuring  tewpcraturfts 
with  a  precision  of  ±0.1  degree  Celsius  at  depths  of  3,000  feet  (table  *i  i 


I 


■s^^'  DATA 

Tables  1-27  are  presented  in  an  Identical  format.   Table  numbers 
correspond  to  hot-spring  areas  shown  on  figure  1.   Column  headings,  loca- 
.  tion  numbers,  and  abbreviations  that  are  not  self-explanatory  are  described 
below. 

Thr  station  number  is  based  on  the  grid  system  of  latitude  and  longi- 
tude.  The  station  number  consists  of  15  digits.   The  first  6  digits  denote 
the  decrees,  minutes,  and  seconds  of  latitude;  the  next  7  digits  denote 
the  d*fc:rees,  minutes,  and  seconds  of  longitude;  and  the  last  2  digits 
form  -  sequential  number  for  stations  within  the  same  1-second  grid. 
Thus  : I    two  stations  have  the  same  coordinates  for  latitude  and  longitude, 
seqi.i»nf  lal  numbers  01  and  02  are  assigned. 

>Tation  letters  identify  the  data  according  to  source  (station  name). 
Station  letters  and  the  date  of  sample  collection  are  continued  for  each 
1  int'  <f  data  in  the  tables  to  facilitate  identification  of  the  source  of 
■  Jio  sample. 

Local  station-location  numbers  are  shown  to  the  right  of  some  station 
i'..jmeb.   The  location  numbers  are  based  on  the  Federal  system  of  land  sub- 
.iivislon.   The  first  number  indicates  the  to\ymship  north  (N)  or  south  (S) 
ot  the  Montana  base  line;  the  second,  the  range  east  (E)  or  west  (W)  of 
ih*^  principal  meridian;  and  the  third,  the  section.   The  first  letter 
\^^     to  I  .owing  the  section  number  denotes  the  quarter  section  (160-acre  tract); 
th«  necond,  the  quarter-quarter  section  (40-acre  tract);  and  the  third, 
t  h«  '^.larter-quarter-quarter  section  (10-acre  tract).   Letters  are  assigned 
if-  .   tmnterrlockwise  direction,  beginning  with  "A"  in  the  northeast 
qu.i  '. r.int.   Consecutive  numbers  beginning  with  2  are  added  if  more  than  one 
SI  .; .in  is  located  within  a  10-acre  tract.   For  example,  hot  spring 
04S  A.'07DCD2  is  the  second  station  Inventoried  in  the  SEJ^.SWiiSE^  sec.  7, 
T    \. ,  R.19  W. 

A'    viations  used  in  column  headings  of  tables  1-27  are: 

AC-FT  Acre-feet 

TFS  Cubic  feet  per  second    ^ 

DEi  C  Degrees  Celsius 

FT  Feet 

r,p>'  Gallons  per  minute 

M(;,-  Milligrams  per  liter 

MI(  -'JMHOS  Micromhos  per  centimeter  at  25  C 

PC/  Picocuries  per  liter 

UG/  Micrograms  per  liter 


Table  20. --Chemical  analyses  of  water  from  the  Broadwater  (Helena)  Hot  Springs  area 


siAriuN  NuMatH   3r*TiOM  letter  ano  nahe 


46i5J(Jll20bSSOO 
'ibi'it'iltlObiiOO 


MbJSim  I?«bJeOO 

ibjsqm  l^ob<42oo 


<«b3Sa41  l^Obl^Ol 


4b3Sa41ia0b42U2 
Obi'itUlMObUZOl 


4fa3S4S1120bl500 


Ob3Sil/lia0b3700 
'4b35S71120b0700 
4b3b001 laUb^OOO 
4b3bl0lia0S4b0U 


4b37471120eia00 
4b42211 12110700 

4b44231iail0300 


A  GKIFKiTri   LbLD    SPXIMG    ( 1 0'404>i32UAD 

a  SMALLNnOU-PETEKSON    CULO    SP    Tl 0NR04M32UCU 

C  lENMILE    CK    UPSTREAM    FHO«    NE*    «Hf    BKOAUHATEH 

0  BKOAOnAfEM    MOT    St'HiNGS    AT    OUTLET 

D  hrtUAlJoAIEk   HOT    3PRINU3    AI    OUTLET 


HROADoATEH  HUT  SPRINGS  AT  OUILET 

bRUAUKATEK  hOT  SKHINGS  AT  BKEAK 

nKUAUMATEH  HOT  SPRINGS  AT  HANHOLE 

BHOAJNAlER  HOT  SPRINGS  AT  MANHOLE 

BROAUltATtP  HOT  SPKINGS  AT  MANHULE 


F  bhOADwAFEK  HUT  SPRINGS  AT  MANHOLE 

F  bHUAU/iATER  HOT  3P><INUS  AT  MANHOLE 

F  bKUAUMATER  HUT  SPRINGS  AT  MANHULE 

F  OROAOaATEk  hot  SPRINGS  AT  MANHOLE 

G  bkUADnAFER  NORTHKEST  COLO  PIT 

H  bHOAOnAlEH  HOT  PIT  ^ 

I  bRUAOnATEH  htLL  3 

I  HRoAUMAfER  WELL  3 

J  ULOECE  i»tLL  ' 

J  (>LUEGE  NELL 

K  TENMlLt  CH  DOWNSTREAM  FROM  DOTSuN 

L  STATE  NURSERY  nELL  1 

M  GANNON  XELL  1 

N  STATE  NURSEKY  WELL  4 

H  STATE  NUHSEhY  dEUL  4 

0  NUVAK  SPRING 

0  NOVAK  SPRING 

P  BERG  SPRING 

P  bERG  SPRING 

0  ArtDERSON  SPRING  (SITZER  liULCHJ 

Q  ANDERSON  SPRING  (SITZER  GULCH) 


INSI4N- 

DATE 

SAM- 

SAMP- 

TANtUUS 

FLON 

OF 

PLED 

LING 

013- 

RATE 

SAMPLE 

BY 

DEPTH 
(FT) 

CHARUE 
(CFS) 

(CPM) 

76-04-07 

USGS 

__ 

_. 

1.6 

76-04-07 

uses 

— 

•  • 

121 

7t>-ll-16 

USGS 

-- 

7.1 

•< 

76-01-30 

uses 

-. 

-. 

2«7 

76-01-30 

USGS 

— 

" 

207 

76-04-27 

USGS 

-. 

_. 

207 

76-11-24 

uses 

-- 

•  - 

126 

64-09-17 

MSBH 

-- 

-• 

75 

b7-0'>-21 

MBMG 

-- 

-. 

•I 

73-09-2I 

K 

— 

— 

SO 

74-0B-21 

RFS 

._ 

.„ 

15 

74-08-24 

M 

-- 

-. 

>t3 

76-01-30 

USGS 

-- 

— 

76-01-30 

USGS 

-- 

— 

.1 

7b-0'»-08 

USGS 

12 

-- 

-' 

76-09-00 

USGS 

12 

.. 

., 

76-10-06 

USGS 

-- 

•  • 

*0 

77-06-07 

uses 

-- 

-- 

s* 

76-01-29 

USGS 

27b 

-» 

15 

76-01-29 

USGS 

27b 

— 

11 

76-11-16 

USGS 



7.b 

_ 

77-06-30 

USGS 

— 

— 

- 

7b-10-0d 

uses 



__ 

1.0 

77-06-30 

uses 

— 

" 

77-06-30 

uses 

__ 

„^ 

^ 

77-06-30 

uses 

-- 

__ 

. 

77-06-30 

uses 

-. 

-. 

, 

77-06-29 

uses 

— 

_. 

. 

77-06-29 

USGS 

— 

— 

- 

77-06-30 

USGS 

._ 

__ 

^ 

77-06-30 

uses 

— 

— 

• 

S»'£- 

CIFIC 

CON- 

STA- 

DATE 

DUCT- 

TION 

OF 

ANCE 

PH 

TEMPER- 

LETTER SAMPLE 

(MICRO- 

ATURE 

MHOS) 

(UNITS) 

CDEU  C) 

A 

/b-04-07 

4tt6 

7.4 

9.b 

b 

76-04-07 

'104 

7.2 

7.0 

C 

76-11-16 

323 

8.1 

6.0 

D 

76-01-30 

906 

8.3 

62.2 

U 

76-01-30 

906 

8.3 

66.2 

D 

76-04-27 

940 

__ 

b9.0 

76-11-^4 

929 

a.d 

60.0 

64-09-17 

.. 

b9.0 

67-09-21 

— 

b.n 

6b. 0 

73-09-,;l 

— 

7.0 

63.0 

74-08-21 

__ 

__ 

bb.O 

74-08-^4 

796 

b.b 

6<:.o 

76-01-30 

«72 

6.2 

66.4 

76-01-30 

872 

8.2 

66.4 

76-09-OM 

1066 

•^.O 

21.0 

76-09-08 

«63 

7.6 

67.0 

76-10-06 

660 

7.4 

67.8 

77-06-07 

674 

-. 

65. b 

76-01-29 

/28 

7.4 

19.4 

76-01-29 

728 

7.4 

19.4 

76-11-16 

333 

8.0 

8.0 

77-06-30 

46b 

6.7 

11.0 

76-10-08 

39b 

7.7 

11.7 

77-06-30 

373 

6.8 

10.0 

77-06-30 

373 

6.8 

lU.I) 

77-06-30 

336 

7.4 

11.0 

77-06-30 

336 

7.4 

11.(1 

77-06-29 

418 

7.4 

10.0 

77-06-29 

418 

7.4 

10.0 

a 

77-06-30 

616 

7.3 

9.0 

Q 

77-06-30 

616 

7.3 

9.0 

HYDRO-    HARD- 
EE N       NESS 

SULFIDE  (CA,MG) 
(Mii/L)    (MG/L) 

240 
240 
130 


34 

31 
41 
26 
33 


<.b 


33 

31 
29 

b6 

27 

24 

56 

260 


140 

Ibu 
160 
IbO 

180 
260 


NUN- 
CAR- 

bONATE 

HARu- 

NESS 

(MG/L) 

18 

20 

26 

0 


UIS- 
SULVED 
CAL- 
CIUM 
(C*> 
(HU/L) 

78 
67 
37 
11 
12 

12 
11 
12 


0 

12 

0 

11 

0 

10 

-- 

11 

0 

20 

0 

9 

u 

9 

-- 

13 

24 

78 

— 

79 

2b 

39 

0 

4b 

27 

47 

31 

42 

._ 

39 

50 

-- 

92 

43 

DIS- 
SOLVED 
MAG- 
NE- 
SlUH 
(MG) 
(MG/L) 


1.0 
.9 

2.U 


9.4 
9.6 

9.3 

10 


73 


13 
36 

36 


DIS- 
SOLVED 
SODIUM 

(NA) 
(MG/L) 

9.0 
13 
11 
170 


1  70 
170 

17u 
IbO 

190 
160 
170 

190 

180 

170 

18(; 

38 


IS 
50 
24 

^^ 


8.2 

7.4 

18 


PERCENT 
SODIUM 


7 

to 

lb 

90 


90 
91 

91 
69 

91 

91 


92 

92 
90 
24 


22 

41 

25 

24 


SODIUM 

AU- 

iORP- 

TION 

RATIO 


.3 

.4 

.4 


13 
13 

15 
11 

14 
12 
14 


15 
15 
13 
1.0 


.7 
l.B 

.1 
.H 


DIS- 
SOLVED 
SODIUM 

PLUS 
POTAS- 
SIUM 
(M6/L) 


« 


»■•'?! 


Table  20. --Chemical  analyses  of  water  from  the  Broaomater  (Helena)  Not  Sminss  area--Continued 


^v^^ 


s'«-   o«rt 

I  ION  uf 

Lt  r  Tt  w    3»MPLt 


01  s- 

SuL  It  L) 
PCj- 
TAi- 

IX ) 


1 1 1  *».  - 


CAK- 
ICOi) 


I.  I  s  I  r  r 


018- 

3UcF»ie 
(SUa) 


013- 
SULVEO 
CHLU- 

(CD 


(hC/L)  (MC/L) 


DIS- 

SULVEO 

FLt/a- 

IF) 
(NC/L) 


1>1S- 

SULVtD 
■SILICA 
(31U^) 
tHG/L) 


UIS- 
SOLVtu 
SULIOS 

ISO"   or 

LUNSt 1- 
(Hl^.-u  ) 


01b- 
iULVtO 
SULlOS 

I  ruNS 

AC-FI) 


UlS- 
SuLVtO 
SOL  I  US 
(TUNS 

DAY) 


A  7t»-j4l-U7 

b  7h-0«-y7 

L  7b-ll-l6 

U  76-Ul-JO 

L-  76-01-10 


10 


^76 
<;7y 
IJO 
1  7i< 


^.?1 
1u7 
1  lit 
IStt 


,'7 
1  .S 


•j.o 
1.5 
2.9 

11 


lM<i 


0 


7t)-0a-<!/ 
76-1 1-^1 
6a-0'?-l  7 

7i-ow-;i 


I'^t' 
loe 


IS7 

IS" 

16^ 


170 
190 

1»U 
160 


Ji 

i<» 
40 
Jb 


7.9 
9,6 


7«-oa-<:i 
7u-0rt-^« 
76-01-iO 
76-01-iJ 
76-0'^-u« 


I  .  1 
l.b 


190  ii 

I  70  li 

IrtO  in 


9.(1 
9.6 

9.7 


91 

IT) 


671 
S'57 

bei 


.79 
.95 


I  76-  I  U-Oa 

I  77-06-07 

J  7b-01-<'9 

J  /„-ol-^9 


^  (7 
r'll 


160 

Ibo 


9. J 
II 


98 
91 


619 
b9() 


.By 
.bl 


7o-l  I  -  1  h 
77-06-SO 

76-10-u« 
77-06-  10 

77-06-10 
7/-U6-10 
7  7-06-1(1 
77-06-«!9 
77-06-^9 

77-06-10 
77-06-10 


•t.  1 
^.  I 
1. 1 


1 ." 


16^ 

lUlj 


1  7u 
?00 


Sl«-  *  't 

flO'-  /► 


A  7b-ft')-il7 

0  .'6-y«-07 

C  /6-11-lh 

U  7h-01-l'( 

0  lO'vl-i) 


Ulb- 
bULVtL 


1  1<? 

1  60 

1 11 

1  lb 


I  i-v 

II  « 


LtlS- 
bUL  VtU 


61 

b.i? 

16 


Jl  IX  /  It. 


mtm«u      ^ITt<«lt      i<iii'«it 


(16 

«.  7 

.6 

^1 

.    1  ,' 

.29 

li 

1  1 

1  .9 

14 

120 

-- 

i« 

•j.9 

.9 

2d 

211 

.11 

S7 

7.6 

.  7 

21- 

Hi 

.12 

.. 

._ 

__ 

21 

.. 

-. 

ai 

6.1 

.K 

2b 

211 

.12 

-- 

-- 

-- 

27 

-- 

-- 

12 

b.7 

.<r 

».H 

211 

.12 

-- 

-- 

-- 

9.0 

-- 

-- 

i<;o 

1.^ 

.  u 

1  1 

<.dl 

.b7 

-- 

-- 

-- 

1  i 

-- 

-- 

UlS- 

UlS- 

015- 

LI   .- 

J 

r.- 

SiJLV{  IJ 

SULVEO 

SUL- 

>.^  ,f,  „ 

SlU  .(.  I. 

M  f'*!  '( 

AMVJMA 

vF(;- 

(jX  I  hij . 

J>- 

1  •,..: 

•>i,-i\ 

NITMU- 

KMdi- 

PHJj- 

IJt- 

.b- 

NI  IXA  'L 

UtM 

KHtlKUS 

PMJ'<  jS 

r., 

«It 

^•^) 

(N) 

(^') 

(HI 

:.  >- 

..y  ) 

(XV./L) 

(MU/L) 

(Hi/l,  ) 

(MI.W,     • 

L.  -'  L ; 

.  47 

.- 

.0^ 

.. 

.. 

.01 

-- 

.oe 

-- 

-- 

)&-r)M-<r  7 
/6-I 1-2U 
o<t-09-l  7 
c,7-0'J-21 
/l-l.9-£l 


/a-on-t 1 

76-01-  lu 
76-01 -iJ 


>- jv 


.y« 


'■I  /r,-09-l:f> 

1  /6-10-06 

(  /7-06-07 

J  /e.-01-<:9 

J  /6-.ll-d<« 


1.1 

1  .6 


/6-1 1-16 
77- J6-10 
76-10-U-i 
7  7-0i>-  Ivl 


.21 
.«! 

.00 


//-Oo-iO 
77-Oo-lu 

7;-ao-iu 

77-0h-<:9 
77-U6-29 

77-Uo-lO 
77-00-30 


m 


F'l 


Table  20. —Chemical  analyse!  or  mati*  fmm  im  Immonatu  (Helena)  Hot  Sminss  aria--€ohti 


OIS-  01«-  •!•• 

OIS-    tOLVCO    01*-    MM-VeO    OIS-     DI9-     DIS-     Oil-     Oil-    tft^H* 


^Tt-    DATE  SOLVED  CEItrL-  SOLVED  CAO<  SOLVCO  SOLVEO  SOLVCO  SOLVCD  SOtVIO 

ir(<\    Uf  ikflSEfilC  LIUM  SMON  MIUM  LITHIUM  COiALT  COME*  IRON  LlAD    tANlll 

LtTlFK  SAMPLt  (A3)  ( SE )  (It)  (CO)  (LI)  <COi  (CU)  (fC)  (^)     (Ml 

(UG/L)  (U(i/L)  (UC/L)  (UC/L)  (U6/L)  (UC/L)  (UC/L)  (UC/L)  (Ut/L)    (MA.) 

A    76-au-07  6  0  20  •  10  —  0  0  t  IS 

<^          76*01-07  6  0  JO  •  10  —  1  to  2  S 

r    76-11-16  "  "  20  —  20  "  --  210  "  IS 

n    76-01-50  22  0  TSO  0  570  —  «  *0  }  M 

U    76-OI-JO  --  --  "  —  --  —  "  —  —  •• 

r         76-0«-?7  --  "  750  —  SJO  "  —  JO 

f          6«-09-l7  --  --  —  —  --  "  —  0 

«   67-o'?-^l  --  --  «ao  —  550  "  "  "  "  — 

f         7«-0»-^l  --  —  S2e  "  550 

f    74-OS-^u  -•  ••  aOO  <tO  aOO  450  <10  70  <I00  IS 

>   '6-ot-}o  20  10  soo  1  570  —  6  ue  «  M 

f         76-Ol-JU  --  --  --  —  —  "  "  —  —  •• 

r    76-U<»-06  --  —  7S0  —  kOO  --  "  120  "  |S 

76-0<»-08  --  --  7«0  ~  590  —  —  to  —  «8 

t    76-10-06  --  --  SIO  —  bOO  --  --  110  —  XS 

I   77-06-07  --  —  t     --  —  bOO 

T   7b-01-<29  1^  0  70  0  SO  —  5  20  ]  IS 

J   76-01 -?<>  --  --  "  —  —  --  —  —  —  •• 

"<    /6-11-16  --  --  »  60  --  50  —  --  1*0  "  M 

L    77-Ob-JO  —  —  t«0  —  140  —  —  00  --  S 

"   76-iy-oe  --  —  50  "  40  --  —  170  "  «S 


DIS- 

DIS-" 

DIS- 

DIS- 

OIS- 

OIS- 

SOLVED 

DIS- 

SULVEO 

SOLVED 

SOLVED 

013- 

DIS- 

SXVEO 

jT». 

OATE 

SOLVEO 

MOLTd- 

SOLVED 

SELE- 

ST«ON- 

VANA- 

SULVED 

SOLVED 

MWSI- 

1  luN 

OF 

Ht^CUHt 

DENUM 

KICKEL 

NIUM 

TIUM 

DIUM 

ZINC 

CESIUM 

•  IU« 

t  c  TIFM  SAMPLE 

(MC) 

(HO) 

(MI) 

(SE) 

(SM) 

(V) 

(2N) 

(CS) 

(M) 

CUt/L) 

(UC/L) 

(UC/L) 

(UC/L) 

(UC/L) 

(Ut/L) 

(UC/L) 

(UC/L) 

(WC/L) 

t 

76-0«-07 

.0 

0 

6 

I 

ISO 

1.6 

10 

__ 

_• 

^ 

76-0'4-07 

.0 

2 

7 

0 

190 

2.6 

0 

-- 

•- 

I" 

76-11-J6 

-- 

-» 

•  - 

-- 

^60 

-- 

— 

-- 

— 

n 

76-01-JO 

.0 

2b 

2 

0 

290 

.2 

10 

-• 

•  - 

0 

76-01-30 

" 

-- 

— 

-- 

270 

-- 

— 

— 

— 

"> 

76-0<l-;7 



.. 

._ 

__ 

330 



.. 

.. 

.. 

F 

6«-09-l7 

-- 

-. 

.. 

.. 

-- 

.. 

.. 

_. 

-• 

r 

67-09-il 

-. 

.. 

.. 

.. 

.. 

.. 

.. 

— 

•_ 

F 

7U-0l»-il 

.. 

.. 

.. 

.. 

-. 

.. 

._ 

.. 

.. 

r 

7M-oe-i« 

-- 

— 

<20 

— 

" 

— 

20 

100 

60 

K 

76-01-30 

.2 

23 

0 

0 

290 

.4 

10 

__ 

«. 

f 

76-OJ-JO 

-- 

— 

•  _ 

— 

260 

— 

_- 

» 

— 

r. 

76-09-08 

-- 

-- 

-- 

-- 

550 

-- 

-- 

-- 

•• 

H 

76-09-08 

-- 

-_ 

-. 

•  - 

110 

.. 

.• 

.- 

•• 

T 

76-10-06 

— 

" 

" 

— 

310 

" 

— 

~ 

— 

I 

77-06-07 

«. 

„. 

__ 

_, 

__ 

__ 

__ 

__ 

«« 

.1 

76-01-i9 
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Table  31. — Subsurface  temperatures  in  selected  water  wells 
near  hot-spring  areas — continued 

Broadwater  (Helena)  Hot  Springs  area — continued 

Dundas  well.  Lat  A6^35'44"  N.,  long  112^05'47"  W.   Reported  well  depth,  25  ft  (77.1  m) 
below  LSD.  Water  level,  A2.6  ft  (12.98  m)  below  MP.  MP  is  top  of  casing  0.91  ft 
(0.28  m)  above  LSD.  Date  of  measurements,  Aug.  1,  1977. 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 

(°c) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


0 

0 

— 

90 

27.4 

11.5 

182 

55.5 

12.5 

10 

3.0 

15.0 

102 

31.1 

11.4 

190 

57.9 

12.6 

20 

6.1 

13.1 

110 

33.5 

11.6 

200 

61.0 

12.6 

32 

9.8 

12.2 

122 

37.2 

11.8 

210 

64.0 

12.6 

40 

12.2 

11.7 

130 

39.6 

12.1 

220 

67.1 

12.6 

50 

15.2 

10.5 

142 

43.3 

12.4 

230 

70.1 

12.9 

61 

18.6 

10.8 

150 

45.7 

12.4 

240 

73.2 

12.9 

70 

21.3 

10.9 

159 

48.5 

12.5 

250 

76.2 

13.3 

p-* 

24.7 

11.3 

171 

52.1 

12.5 

253 

77.1 

13.4 

Broadwater  well  3.  Lat  46^35'44"  N.,  long  112°06'42"  W.   Reported  well  depth,  213  ft 
(64.9  m)  below  LSD.  Water  level,  1.0  ft  (0.30  m)  above  MP.  MP  is  top  of  casing 
1.0  ft  (0.30  m)  above  LSD.   Date  of  measurements,  Oct.  6,  1976. 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


0 

0 

64.7 

70 

21.3 

66.7 

140 

42.7 

67.2 

10 

3.0 

66.7 

80 

24.4 

66. y 

149 

45.4 

67.2 

20 

6.1 

66.7 

90 

27.4 

67.2 

161 

49.1 

67.2 

30 

9.1 

66.7 

101 

30.8 

67.2 

169 

51.5 

67.2 

40 

12.2 

66.7 

110 

33.5 

67.2 

180 

54.9 

67.2 

49 

14.9 

66.7 

120 

36.6 

67.2 

190 

57.9 

67.2 

60 

18.3 

66.7 

131 

39.9 

67.2 

200 

61.0 

67.2 

SwX- 


Table  31. — Subsurface  temperatures  In  selected  water  wells 
near  hot-spring  areas — continued 


Broadwater  well  3. 
(6A.9  ID)  below  LSD 
above  LSD. 


Broadwater  (Helena)  Hot  Springs  area — continued 

Lat  A6°35'44"  N. ,  long  112^06'A2"  W.   Reported  well  depth,  213  r% 
Water  level,  flowing  at  MP.  MP  is  top  of  casing  1.0  ft  (0.30  •» 


Measured  depth 

Tempera- 

Measured depth 

Tempera- 

Measured 

depth 

TMi^ar* 

below  LSD 

ture 

below  LSD 

ture 

below 

LSD 

ture 
(*C) 

(feet)  (meters) 

(°C) 

(feet)  (meters) 

(°C) 

(feet)  ( 

meters) 

Date 

of  measurements. 

Oct.  6,  1976 

10      3.0 

67.2 

90*    27.4 

67,2 

160 

48.8 

67,2 

20      6.1 

67.2 

IIQ     33.5 

67.2 

171 

52.1 

67»2 

30      9.1 

67.2 

130     39.6 

67,2 

180 

54.9 

67. • 

50     15.2 

67.2 

139     42.4 

67,2 

190 

57.9 

67, • 

71     21.6 

67.2 

150     45.7 

67,2 

Date  of  measurements,  June  22,  1977 


0 

0 

67.1 

60 

18.3 

67.5 

121 

36.9 

67.8 

11 

3.4 

66.7 

70 

21.3 

67.5 

130 

39.6 

67.5 

20 

6.1 

66.7 

80 

24.4 

67.5 

141 

43.0 

67.6 

30 

9.1 

66.8 

90 

27.4 

67.6 

150 

45.7 

67.6 

40 

12.2 

67.0 

101 

30.8 

67.6 

160 

48.8 

67.7 

50 

15.2 

67.5 

110 

33.5 

67.7 

165 

50.3 

67.6 

Date  of  measurements,  June  28,  1977 


0 

0 

63.0 

60 

18.3 

67.7 

129 

39.3 

67.9 

10 

3.0 

66.8 

70 

21.3 

67.7 

140 

-42.7 

67.8 

20 

6.1 

67.8 

81 

24.7 

67.7 

151 

46.0 

67.8 

31 

9.4 

67.9 

90 

27.4 

67.7 

162 

49.4 

67.9 

40 

12.2 

67.7 

101 

30.8 

67.8 

171 

52.1 

67.9 

51 

15.5 

67.7 

120 

36.6 

68.0 
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Table  31. — Subsurface  temperatures  In  selected  water  wells 
near  hot-spring  areas — continued 

Broadwater  (Helena)  Hot  Springs  area — continued 

Broadwater  well  4.   Lat  46°35'44"  N.,  long  112°06'43"  W.   Reported  well  depth,  240  ft 
(73.2  m)  below  LSD.  Water  level,  3.1  ft  (0.94  m)  below  MP.  ^fP  Is  top  of  casing 
0.5  ft  (0.15  m)  above  LSD.  Date  of  measurements,  Sept.  29,  1976. 


Measur( 

ed  depth 

Tempera- 

Measured depth 

Tempera- 

Measured depth 

Tempera- 

below LSD 

ture 

below 

LSD 

ture 
(^C) 

below 

LSD 

ture 

(feet) 

(meters) 
0 

(°C) 

(feet) 

(meters) 

(feet) 

(meters) 

Co 

0 

26.7 

90 

27.4 

45.2 

170 

51.8 

52.9 

11 

3.4 

31.0 

101 

30.8 

45.7 

180 

54.9 

53.5 

20 

6.1 

31.7 

110 

33.5 

46.8 

190 

57.9 

54.1 

29 

8.8 

33.1 

121 

36.9 

49.5 

200 

61.0 

54.8 

41 

12.5 

35.2 

130 

39.6 

50.1 

210 

64.0 

55.4 

52 

15.8 

36.6 

141 

43.0 

50.8 

220 

67.1 

55.9 

61 

18.6 

38.8 

150 

45.7 

51.6 

230 

70.1 

56.6 

70 

21.3 

40.8 

160 

48.8 

52.5 

233 

71.0 

56.9 

80 

24.4 

44.4 

Broadwater  well  4.  Lat  46°35'44"  N.,  long  112°06'43"  W.  Reported  well  depth.  240  ft 
-'■'3.2  m)  below  LSD.  Water  level,  4.05  ft  (1.23  m)  below  MP.   MP  Is  top  of  casing 
s ^  ft  (0.15  m)  above  LSD.   Date  of  measurements,  June  22,  1977. 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


0 

0 

— 

78 

23.8 

38.6 

171 

52.1 

49.3 

5 

1.5 

19.1 

90 

27.4 

44.7 

180 

54.9 

50.4 

10 

3,0 

19.2 

101 

30.8 

45.0 

191 

58.2 

51.5 

20 

6.1 

21.0 

110 

33.5 

4^.4 

200 

61.0 

52.4 

31 

9.4 

24.6 

121 

36.9 

45.6 

210 

64.0 

53.2 

40 

12.2 

28.1 

130 

39.6 

45.8 

222 

67.7 

53.6 

51 

15.5 

30.6 

140 

42.7 

46.2 

230 

70.1 

53.9 

60 

18.3 

33.2 

150 

45.7 

47.2 

240 

73.2 

54.1 

71 

21.6 

37.8 

160 

48.8 

48.0 

\ 


\^ 
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Table  31. — Subsurface  teaper«tur*«  in  selected  water  wells 
near  hot>spring  araas — continued 

Broadwater  (Helena)  Hot  Springa  area — continued 

Broadwater  well  4.   Lat  46°35'44"  N.,  long  112°06'43"  W.   Reported  well  daptb,  240  ♦ 
(73.2  m)  below  LSD.   Water  level,  3.63  ft  (1.11  m)  below  MP.  MP  la  top  of  caatag 
0.5  ft  (0.15  m)  above  LSD.   Date  of  meaaureaenta,  June  28,  1977. 


Measure 

d  depth 

Tempera- 

Measured 

depth 

Tempera- 

Measured depth 

Taa^ra 

below 

LSD 

ture 

below 

LSD 

ture 

below 

LSD 

(»?: 

(feet) 

(meters) 

Cc) 

(feet)  ( 

aeters) 

(°C) 

(feet) 

(tDeters) 

0 

0 

80 

24.4 

44.0 

161 

49.1 

49.4 

10 

3.0 

20.8 

90 

27.4 

45.8 

170 

51.8 

50.4 

20 

6.1 

22.7 

101 

30.8 

46.3 

181 

55.2 

51.4 

31 

9.4 

?6.1 

110 

33.5 

46.6 

190 

57.9 

52.5 

42 

12.8 

28.8 

121, 

36.9 

46,8 

202 

61.6 

53.6 

51 

15.5 

32.5 

130 

39.6 

47.0 

211 

64.3 

53.9 

60 

18.3 

34.9 

141* 

43.0 

47.6 

220 

67.1 

54.1 

71 

21.6 

39.4 

150 

45.7 

48.2 

225 

68.6 

54.1 

Gloege  well.   Ut  46°35'45"  N.,  long  112*'06*15"  W.   Reported  well  depth,  275  ft 
(83.8  m)  below  LSD.  Water  level,  28.3  ft  (8.63  m)  below  MP.  MP  is  top  of  caaing 
1.0  ft  (0.30  m)  above  LSD.  Date  of  measurements,  Jan.  29,  1976. 


Measured  depth 

Tempera- 

Measured depth 

Tempera- 

Measured 

depth 

Teapara- 

below 

LSD 

ture 

below 

LSD 

ture 

below 

LSD 

ture 

(feet) 

(meters) 

(°C) 

(feet) 

(meters) 

(°C) 

(feet)  ( 

aeters) 

(^'C) 

0 

0 

__ 

90 

27.4 

12.6 

230 

70.1 

19.8 

32 

9.8 

10.2 

110 

33.5 

14.0 

240 

73.2 

20.0 

40 

12.9 

10.2 

130 

39.6 

15.0 

242 

73.8 

20.3 

50 

15.2 

10.4 

150 

45.7 

15.8 

250 

76.2 

20.5 

60 

18.3 

11.2 

170 

51.8 

16.9 

260 

79.2 

20.9 

70 

21.3 

11.5 

190 

57.9 

18.0 

270 

82.3 

21.3 

80 

24.4 

— 

210 

64.0 

18.8 

275 

83.8 

21.5 

Broadwater  well  1.   Ut  46°35'45"  N.,  long  112**06'42"  W.  Reported  well  depth,  200  ft 
(61.0  m)  below  LSD.   Water  level,  6.6  ft  (2.01  m)  below  MP.   MP  is  top  of  casing 
0.5  ft  (0.15  m)  above  LSD.   Date  of  aeasureaents,  Sept.  15,  1976. 


Measured  depth ^ 

Tempera- 

Measured depth* 

Tempera- 

Measure 

id  depth' 

Teapera- 

below  LSD 

ture 

below  LSD 

ture 
(^C) 

below  LSD 

ture 

(feet)  (meters) 

(°C) 

(feet) 

(aatara) 

(feet) 

(attars) 

0      0 

29.1 

60 

18.3 

57.7 

110 

33.5 

64.4 

10      3.0 

46.2 

70 

21.3 

57.9 

122 

37.2 

65.0 

20      6.1 

49.1 

80 

24.4 

58.4 

132 

40.2 

65.0 

30      9.1 

52.6 

90 

27.4 

60.8 

142 

43.3 

65.0 

40     12.2 

57.6 

100 

30.5 

62.0 

146 

44.5 

65.3 

50     15.2 

57.7 

^  Well  drilled  approximately  20^^  from  vertical. 
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Table  31. — Subsurface  temperatures  in  selected  water  wells 
near  hot-spring  areas — continued 

Broadwater  (Helena)  Hot  Springs  area — continued 

Broadwater  well  1.   Lat  46°35'45"  N.,  long  112%6'42"  W.   Reported  well  depth,  200  ft 
(61.0  m)  below  LSD.   Water  level,  7.02  ft  (2.14  m)  below  MP.   MP  is  top  of  casing 
0.5  ft  (0.15  m)  above  LSD.   Date  of  measurements,  June  28,  1977. 


Measured  depth* 

below  LSD 
(feet)  (meters) 


Measured  depth* 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 


Tempera- 
ture 


Measured  depth* 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


0 

11 


0 
3.4 


48.1 


20 


6.1 


50.6 


30 


9.1 


55.0 


Well  drilled  approximately  20  from  vertical. 

Broadwater  well  2.   Lat  46°35'46"  N.,  long  112°06'42"  W.   Reported  well  depth,  204  ft 
62.2  m)  below  LSD.   Water  level,  22.3  ft  (6.80  m)  below  MP.   MP  is  top  of  casing 
J. 5  ft  (0.15  m)  above  LSD.   Date  of  measurements,  Sept.  16,  1976. 


Measured  depth* 

below  LSD 
(feet)  (meters) 


Measured  depth* 

below  LSD 
(feet)  (meters) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 


Tempera- 
ture 
(°C) 


Tempera- 
ture 
(°C) 


V 

0 

— 

80 

24.4 

47.8 

152 

46.3 

65.0 

10 

3.0 

26.6 

91 

27.4 

51.7 

160 

48.8 

65.0 

20 

6.1 

31.9 

100 

30.5 

54.9 

169 

51.5 

66.7 

30 

9.1 

33.5 

109 

33.2 

57.6 

180 

54.9 

66.7 

40 

12.2 

35.6 

120 

36.6 

61.1 

190 

57.9 

66.7 

50 

15.2 

38.3 

132 

40.2 

63.0 

200 

61.0 

67.2 

•  62 

18.9 

42.0 

140 

42.7 

65.0 

204 

62.2 

67.2 

70 

21.3 

45.0 

*Well  drilled  approximately  20  from  vertical.    ' 

Broadwater  well  2.   Lat  46°35'46"  N. ,  long  112°06*42"  W.   Reported  well  depth,  204  ft 
(62.2  m)  below  LSD.   Water  level,  21.49  ft  (6.55  m)  below  MP.  MP  is  top  of  casing 
0.57  ft  (0.15  m)  above  LSD.   Date  of  measurements,  June  27,  1977. 


jMeasured  depth* 

Tempera- 

Measured depth* 

Tempera- 

Measured depth* 

Tempera- 

below 

LSD 

ture 

below 

LSD 

ture 

below 

LSD 

ture 

(feet) 

(meters) 
0 

(°C) 

(feet) 
70 

(meters) 

(^C) 

(feet) 

(meters) 

(°C) 

0 

21.3 

42.2 

130 

39.6 

62.5 

■  26 

7.9 

29.3 

80 

24.4 

45.5 

140 

42.7 

63.7 

30 

9.1 

30.2 

90 

27.4 

49.6 

151 

46.0 

65.5 

At 

12.5 

32.8 

100 

30.5 

53.8 

160 

48.8 

66.0 

^ 

15.2 

35.6 

110 

33.5 

56.9 

165 

50.3 

66.0 

.^  ■'^ 

18.9 

39.5 

120 

36.6 

59.7 

^Well  drilled  approximately  20  from  vertical. 
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Table  31. — Subsurface  temperatures  in  selected  water  wells 
near  hot-spring  areas — continued 


Broadwater  (Helena)  Hot  Springs  area — continued 

Thomson  well.  Lat  46°35'49"  N.,  long  112°06*23"  W.  Reported  well  depth,  120  ft 
(36.6  m)  below  LSD.  Water  level,  17.0  ft  (5.18  m)  below  MP.  MP  is  top  of  c«»ing 
1.6  ft  (0.49  m)  above  LSD.  Date  of  measurements,  Aug.  12,  1977. 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tcaptr*- 
tyre 


0 

0 

— 

40 

12.2 

15.8 

80 

24.4 

16.0 

10 

3.0 

22.9 

50 

15.2 

15.8 

90 

27.4 

16.4 

20 

6.1 

14.2 

60 

18.3 

15.9 

100 

30.5 

16.6 

30 

9.1 

15.4 

70 

21.3 

15.9 

Broadwater  well  5.   Lat  46°35'52"  N. ,  long  112°06*38"  W.  Reported  well  depth,  260  ft 
(76.8  m)  below  LSD.  Water  level,  77.9  ft  (23.74  m)  below  MP.  MP  is  top  of  casing 
1.0  ft  (0.30  m)  above  LSD.  Date  of  measurements,  Oct.  6,  1976. 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth   Tempera- 

below  LSD       ture 
(feet)  (meters) 


(°C) 


0 

0 

— 

91 

27.8 

14.7 

180 

54.9 

18.5 

10 

3.0 

12.6 

100 

30.5 

15.1 

191 

58.2 

19.0 

20 

6.1 

13.3 

111 

33.8 

15.6 

200 

61.0 

19.3 

30 

9.1 

13.0 

120 

36.6 

15.9 

211 

64.3 

19.8 

40 

12.2 

12.6 

131 

39.9 

16.4 

220 

67.1 

20.1 

50 

15.2 

12.6 

139 

42.4 

16.8 

231 

70.4 

20.5 

59 

18.0 

12.7 

151 

46.0 

17.3 

240 

73.2 

20.7 

70 

21.3 

13.0 

159 

48.5 

17.6 

246 

78.0 

20.9 

82 

25.0 

14.2 

171 

52.1 

18.1 

Broadwater  well  5.   Lat  46°35'52"  N. ,  long  112°06*38"  W.  Reported  well  depth,  260  ft 
(76.8  m)  below  LSD.   Water  level,  91.1  ft  (27.77  m)  below  MP.  MP  is  top  of  casing 
1.0  ft  (0.30  m)  above  LSD.  Date  of  measurements,  June  28,  1977. 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  d6pth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


0 

0 

— 

151 

46.0 

17.4 

211 

64.3 

19.8 

96 

29.3 

15.0 

160 

48.8 

17.8 

220 

67.1 

20.2 

101 

30.8 

15.4 

171 

52.1 

18.2 

231 

70.4 

20.6 

110 

33.5 

15.7 

180 

54.9 

18.6 

240 

73.2 

20.9 

120 

36.6 

16.1 

191 

58.2 

19.0 

251 

76.5 

21.2 

130 

39.6 

16.6 

200 

61.0 

19.4 

260 

79.2 

21.2 

140 

42.7 

17.0 

70 


Table  31. — Subsurface  temperatures  in  selected  water  wells 
near  hot-spring  areas — continued 

Broadwater  (Helena)  Hot  Springs  area — continued 

Gannon  well  2.  Lat  46°35'54"  N.,  long  112*^06*17"  W.  Reported  well  depth.  175  ft 
(53.34  m)  below  LSD.  Water  level.  6.0  ft  (1.83  m)  below  MP.  MP  is  top  of  casing 
1.0  ft  (0.30  m)  above  LSD.   Date  of  measurements,  Oct.  27,  1976. 


Measured 

depth 

Tempera- 

Measured 

depth 

Tempera- 

Measured depth 

Tempera- 

below 

LSD 

ture 

below 

LSD 

ture 

below 

LSD 

ture 

(feet)  ( 

meters) 

(  c) 

(feet)  ( 

meters) 

(^C) 

(feet) 

(meters) 

Cc) 

0 

0 

16.0 

70 

21.3 

12.0 

130 

39.6 

13.7 

10 

3.0 

11.7 

80 

24. A 

12.2 

140 

42.7 

13.9 

20 

6.1 

11.7 

90 

27. A   * 

12.6 

150 

45.7 

14.3 

30 

9.1 

11.4 

100 

30.5 

12.8 

160 

48.8 

14.5 

AO 

12.2 

11.0 

111 

33.8 

13.2 

171 

52.1 

14.7 

50 

15.2 

11.2 

120 

36.6 

13. A 

174 

53.0 

14.7 

60 

18.3 

11.5 

Ut  46°36'00"  N.,  long  112°06'20"  W. 


Gannon  well  1. 

(73.2  m)  below  LSD.  Water  level,  flowing  at  MP. 

above  LSD.   Date  of  measurements,  Oct.  8,  1976. 


Reported  well  depth,  240  ft 
MP  is  top  of  casing  1.0  ft  (0.30  m) 


^   lured  depth 
^--Tjfelow  LSD 
(feet)  (meters) 


Tempera- 
ture 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


Measured  depth 

below  LSD 
(feet)  (meters) 


Tempera- 
ture 
(°C) 


0 

0 

54.7 

80 

24.4 

56.3 

160 

48.8 

57.2 

10 

3.0 

54.9 

90 

27.4 

56.5 

170 

51.8 

57.2 

20 

6.1 

54.7 

100 

30.5 

57.0 

180 

54.9 

57.2 

30 

9.1 

55.0 

112 

34.1 

57.0 

190 

57.9 

57.2 

40 

12.2 

55.2 

120 

36.6 

57.2 

200 

61.0 

57.2 

50 

15.2 

55.6 

130 

39.6 

57.4 

210 

64.0 

57.4 

60 

18.3 

55.9 

140 

42.7 

57^.2 

221 

67.4 

57.2 

70 

21.3 

56.1 

150 

45.7 

57.2 

230 

70.1 

57.2 

\^ 
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Earth  Science  Services,  Inc. 


7  July   1977  Executec  Building 

1 1 1 5  N.  Seventh  Avenue 
Bozeman,  Montana  59715 
Phone:  (406)  587-8501 

Mr.  Frank  Gruber 
6240  Center  Drive 
Helena,  Montana  59601 

Dear  Frank: 

I  have  analyzed  the  pump  test  data  you  sent,  and  I  will  answer  the  questions 
in  your  letter  of  June  8  as  well  as  I  can.  Your  first  question  was  whether  you 
could  get  more  hot  water  if  you  drilled  another  well;  and  if  you  did,  where 
should  it  be  located.  I  think  there  are  two  items  to  consider,  (1)  can  you  get 
more  hot  water,  and  (Z''  what  would  the   water  temperature  be.  Regarding  the 
first  item,  the  information  we  have  suggests  that  Well  #3  may  be  located  in  about 
the  right  place  for  maximum  yield  of  water.  My  reasoning  is  that  I  think  the 
hot  water  in  the  area  is  rising  primarily  along  conduits  formed  of  heavily  fractured 
bedrock.  These  conduits  are  more  permeable  than  the  surrounding  bedrock.  Con- 
sequently, a  well  that  penetrates  a  conduit  will  be  in  the  most  permeable 
material  and  will  have  the  highest  yield.  Prior  to  the  original  excavating  of 
springs  in  the  area,  locations  of  the  conduits  were  probably  the  sites  of  hot 
water  seeps  or  other  surface  indications  of  hot  water.  These  areas  of  surface 
indications  were  probably  chosen  for  the  sites  of  the  developed  springs. 
Therefore,  the  springs,  especially  the  ones  currently  flowing,  are  likely  to 
mark  the  location  of  the  most  permeable  bedrock  and  the  best  location  for  high 
yielding  wells.  Well  #3  is  located  between  two  springs  and  close  to  them,  so 
I  think  it  is  in  a  good  spot  for  maximum  yield.  A  location  near  Spring  #4 
would  be  another  likely  location  for  high  yield,  and  the  bubbling  area  In  the  old 
creek  bed  would  be  another  prime  site,  but  it  is  close  to  well  #3. 

With  regard  to  item  2,  water  temperature.  Well  #3  may  not  be  in  the  best  location, 
because  it  is  located  close  to  the  cooler  water  in  Well  #4,  and  it  is  hydrauli- 
cally  connected  to  Well  #4.  If  Well  #3  were  pumped  heavily,  I  think  it  would 
bring  in  a  considerable  amount  of  the  cooler  water.  A  well  located  near  Spring  #4 
might  not  be  any  better  because  of  the  possibility  of  cooler  water  to  the  north 
and  to  the  east.  A  better  location  for  maintaining  temperature  might  be  in  the 
middle  of  the  area  bounded  by  the  four  springs,  the  bubbles,  and  the  reach  of 
Tenmile  Creek  that  doesn't  freeze.  However,  a  well  located  in  the  middle  of  that 
area  might  not  yield  as  much  water  as  Well  #3.  Its  initial  water  temperature 
might  not  be  as  high  as  the  temperature  in  Well  #3  either,  but  I  suspect  the 
temperature  would  tend  to  decline  less  at  equivalent  pumping  rates. 

My  interpretation  of  the  subsurface  conditions  is  that  there  is  an  irregular 

shaped  conduit  with  an  indistinct  boundary  around  Springs  2,  3,  and  the  bubbles, 

and  that  another  such  conduit  may  be  present  near  Spring  #4.  The  difference  in 

"static"  water  levels  in  Well  #3  and  Well  #4  indicates  that  hot  water  seeps 

laterally  from  the  conduits  into  the  surrounding,  less  permeable  bedrock. 

It  should  move  more  slowly  there  and  lose  heat  by  conduction  to  the  ground  surface 

through  the  rock,  and  by  mixing  with  cool  ground  water  in  fractures  that  are 

not  well  connected  with  deep,  permeable,  hot-water  bearing  fracture  zones. 

If  a  well  penetrating  a  hot-water  conduit  is  pumped  hard  enough  it  will  reverse 
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Mr.  Frank  Gruber 
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7  July  1977 

the  horizontal  component  of  the  flow  direction  so  that  cool  water  is  brought 
into  the  conduit  instead  of  hot  water  leaving  it.  This  is  a  simplified  description 
of  the  subsurface  conditions,  but  it  might  serve  as  a  quick  explanation.  The 
water  table  map  indicates  that  hot  water  is  coming  toward  the  surface  near  the 
unfrozen  reach  of  Tenmile  Creek,  but  I  see  no  seeps  to  suggest  even  a  hazily 
defined  conduit. 

To  summarize  my  comments  on  your  first  question,  I  doubt  if  you  will  get  more 
gallons  per  minute  of  hot  water  from  another  well.  You  might,  however,  succeed 
in  getting  more  BTU's  for  a  given  pumping  rate  from  a  well  located  in  the  middle 
of  the  area  bounded  by  the  aforementioned  springs,  bubbles,  and  unfrozen  reach. 
A  test  well  would  be  necessary  to  test  this  possibility. 

Your  second  question  is  related  to  g'allons  per  minute  that  a  well  could  be  pumped. 
My  analysis  of  the  recent  pump  test  of  Well  #3  indicates  that  it  could  be  pumped 
at  2475  gpm  for  9  months  to  produce  a  drawdown  of  180  feet  or  less.  Further 
analysis  indicates  that  it  would  recover  all  but  about  8  feet  of  this  in  the 
following  3  months  of  it  were  not  pumped  at  all.  Chances  are  good  that  a  higher 
pumping  rate  could  be  used  and  that  the  well  would  recover  fully.  Larger  casing 
would  be  required  to  accomodate  a  pump  rated  at  2475  gpm.  However,  I  performed 
a  flow-net  analysis  to  estimate  the  effect  of  such  pumping  on  the  water  temperature, 
and  my  estimate  is  that  2475  gpm  would  lower  the  temperature  to  about  104  F. 
Lower  pumping  rates  would  lower  the  temperature  less.  It  would  be  possible  to 
derive  a  graph  of  pumping  rates  versus  estimated  temperatures,  if  you  would 
like  to  have  one. 

Your  third  question  was  about  locating  a  sewage  plant  drain  field  in  the  area. 
I  think  it  would  be  possible  to  design  a  drain  field  that  would  not  cause  cool 
water  to  move  into  the  hot  water  well.  It  would  probably  have  to  be  on  the  north- 
ern part  of  the  valley  bottom  where  the  water  table  is  low  but  fairly  thick  gravel 
is  still  present.  You  would  have  to  verify  that  there  is  a  sufficient  area  with 
low  water  table  and  adequate  percolation  rates. 

Your  fourth  question  was  about  making  a  pond  to  build  around.  If  the  pond  were 
too  close  to  the  hot  water  well,  it  would  lower  the  water  temperature.  The 
critical  distance  can  be  estimated  once  you  know  the  pumping  rate  of  the  well. 
If  you  wanted  to  locate  a  pond  close  to  the  well,  you  could  seal  the  bottom  of 
the  pond. 

I  have  enclosed  copies  of  my  calculations  for  your  file.  I  can  explain  them 
to  you  if  you  wish. 

Sincerely, 

Earth  Science  Services,  Inc. 


Darrel  E.  Dunn 
Geologist-Hydrologist 
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Pump  test  #2,  Broadwater  Hot  Springs 
Analysis  of  drawdown  of  well  #3 

Points  fall  where  U  <  0.01.  Therefore,  Jacob  approximation  should  work 


^S  =  9.73  -  7.79  =  1.94 

T  =  26 4Q  =  264  x  410  «  55,794  g26_ 
AS      1.94  ft 

S  =  0.3  X  55.794  x  10^  =  0.27 


Use  Q  =  370 

T  =  50,351 
Sy  =  0.242 


Analysis  of  effect  of  pumping  well  #3  on  water  temperature  on  the  well. 


Vertical  head  gradient 


Initial  head  current  of  well  #3: 


S  =  264  X  40  logio  0.3  x  50.351  x  870  =  1.865 
50,351  0.252  X  0.27 


Initial  head  =  97.56  +  1.865  =  99.43   ft. 


This  was  probably   located  at   about   the  mid-point  of  the  well  depth. 


depth  ft    =    134.93     =  134.93  =  29.98 
use  in  head,  ft   99.43  -  94.93    4.5 


Use  this  initial  head  gradient  on  flow  diagrams.  Horizontal  equipontential  surfaces 
would  be  conservative. 

Compare  prediction  based  on  40  gpm  with  actual  flowing  temperature. 

Solving  the  Jacob  equation  for  r: 

r  =  10^ 


/264a  logio  0»3Tt  \ 

where  x  =  \  T Sy  J  " 

528^1 
T 


Let  Q  =  40  gpm 

T  =  50,351  gpd/ft 

t  =  870  mins  =  0.60417  days 


X  =  0.959813  -  S 
0.419455 


Table  of  Drawdown  versus  Radial  Distance 
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Compare  prediction  based  on  410  gpm  with  pump  test  temperature 


When  Q  =  410,  x  =  9.83809-S 

4.29942 

Table  of  S  vs  r 

S r_ 
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First   digit    is  circle,   second  digit   is   slice 

1.1  -  154 

1.2  -  154 

1.3  -  154 

1.4  -  154 

1.5  -  154 

1.6  -  154 

1.7  -  154 

1.8  -  154 

1.9  -  154 

1.10  -  154 

2.1  -   154 

2.2  -  154 

2.3  -  154 

2.4  -  154 

2.5  -  154 

2.6  -  153 

2.7  -  153 

2.8  -  154 

2.9  -  154 

2.10  -  154 

3.1  -   154 

3.2  -  152 

3.3  -   151 

3.4  -  153 

3.5  -  153 

3.6  -  153 

3.7  -  153 

3.8  -  154 

3.9  -  154 

3.10  -  154 

4.1  -  154 

4.2  -  150 

4.3  -   150 

4.4  -  152 

4.5  -  153 

4.6  -  152 

4.7  -  152 

4.8  -  154 

4.9  -  154 

4.10  -  154 

5.1  -  152 

5.2  -  145 

5.3  -  142 

5.4  -  151 

5.6  -  152 

5.7  -  152 

5.8  -  154 

5.9  -  154 

5.10  -   154 

The  temperature  prediction  method  checks  ok  with  the  pump  test. 
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Now  make  a  computation  for  the  maximum  likely  capacity  of  the  wells. 

Use  180  feet  for  available  drawdown  (most  of  water  may  he   coming  from  135-180  feet.) 

Use  aquifer  coefficients  from  well  #4 
T  =  38,200 
Sy  =  0.001489 
r  =  0.25 
y  =  9  X  30 
S  =  180 

1 


Q  =  S  X  J  2i4  logio  0«3Tt 
T         r^Sy 

180    =  2475  gpm 
0.0727159 


How  much  would  it  recover  in  3  mo? 


S  =  172  i.e.  would  recover  all  but  8  ft. 


Actually  the  cone  will  probably  hit  10-miles  cr.  and  stabilize  before  8  ass 


Prediction  based  on  pumping  well  #3  at  2475  gpm  for  9  months 


Use  t  =  270  days    x  =  93.7799-S 

25.9538 
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The  main  source  of  extra  energy  is  bringing  in  warm  water  from  a  much  larger  area. 
You  are  also  taking  water  from  storage.   Picking  up  energy  stored  in  the  r^ck 
material,  increasing  the  upward  flow  rate,  reducing  evaporation  etc. 
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JAMES  K.  BALZHISER,  M.E. 
CARROL  C.  COLVIN,  E.E 
Registered  Professional  Engineers 

February  4,  1977 


Mr.  Frank  Gruber 
6240  Center  Drive 
Helena,  Montana  59601 

Re:  Hot  Well  Utilization 

Dear  Frank: 

First,  I  wish  to  thank  you  for  the  courtesies  you  extended  to  me  on  my 
recent  visit  to  Helena.  It  was  nice  to  have  such  good  weather. 

We  have  done  a  considerable  amount  of  thinking  and  calculating  on  your 
problem.  With  your  development  of  the  well  to  date  you  have  a  usable 
capacity  assuming  600  gpm  and  a  temp,  differential  of  50  deg.  F.  equal  to  15 
million  Btu/hr.  which  is  the  equivalent  of  burning  125  gal.  of  oil/hr.  This 
is  sufficient  to  heat  300  apartments  assuming  50,000  Btu/hr.  heat  loss. 

At  that  point  of  usage  there  is  still  available  heat  in  the  water  that  could 
be  used  for  heat  pump  heating,  heating  swimming  pool,  or  any  low  temperature 
application. 

We  cannot  at  this  point  predict  what  the  ultimate  use  of  the  water  will 
be  or  what  the  most  economical  method  of  distribution  will  be,  but  can  give 
you  some  of  the  limiting  factors  and  guide  lines  as  follows: 

1.  We  do  not  recommend  using  the  well  water  direct  in  heating  system 
because  of  the  possible  corrosion  and  mineral  built-up  in  the  system. 

2.  For  a  small  system  feingjb  family  residence  up  to  a  four-plex)  we 
would  recommend  a  down  hole  heat  exchanger  system  with  a  closed  loop 
distribution  system. 

3.  For  a  large  system  where  you  intend  to  use  the  full  capacity  of  the 
well  system  then  we  recommend  using  a  heat  exchanger  system.  The 
heat  exchanger  could  be  located  at  the  well  or  remote,  depending  on 
building  location  and  general  layout.  The  heat  exchanger  should  not 

be  located  where  there  would  be  more  than  50  ft.  vertical  rise  from  the 
heat  exchanger  to  the  highest  building. 

4.  The  hotter  the  well  water  the  less  would  be  the  cost  of  the  heat 
exchanger.  The  150  deg.  is  about  minimum  for  a  heat  exchange.  For 
this  reason  I  feel  it  would  be  well  for  you  to  consider  drilling  a 
larger  well  and  seal  off  all  water  above  the  100  ft.  level.  Also 
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1  would  consider  drilling  to  at  least  300  ft.  I  do  not  recommend  this 
until  after  you  are  committed  to  the  larger  project. 


Attached  are  two  statements  for  the  application,  that  is  "Work  Statement"  and       gj 
"Recommended  Budget".  As  you  will  note  the  estimated  budget  is  above  the  jj 

$15,000.00  grant.  If  you  were  to  cut  this  to  a  tri-plex  the  budget  could  be        ,| 
reduced  by  about  $2,500.  which  would  put  it  about  equal  to  the  grant.  I 
feel  my  estimate  is  on  the  high  side  but  until  the  building  is  designed  it 
is  as  close  as  I  dare  guess. 

I  trust  this  gives  you  the  data  you  were  looking  for  and  that  your  pro.iect 
will  move  ahead  rapidly.  Please  contact  us  if  we  can  provide  additional 
date  relative  to  this  stage  and  for  the  final  design. 


Aincerely, 


James  K.   Balzhiser,  P.E 

JKB:j 

enc. 
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APPENDIX  B 

WORK  STATEMENT 

We  propose  to  deisgn  and  install  a  complete  "Geothermal  Heating  System"  for 
a  four-plex  living  unit,  including  heating  of  domestic  hot  water.  Attached 
is  a  schematic  sketch  of  the  proposed  system. 

This  system  is  an  adaptation  of  what  has  been  done  on  similar  projects  at 
Klamath  Falls,  Oregon  although  with  improvements. 

Basically  the  heating  pump  would  operate  continuously  (1/2  H.P.)  pumping 
water  in  a  closed  system  to  a  furnace  (air  handler)  in  each  living  unit 
where  it  would  go  through  a  coil  to  heat  the  water,  and  through  a  small 
side  arm  heater  to  heat  the  domestic  hot  water.  We  anticipate  the  water 
to  enter  at  140  deg.  F.  minimum  at  the  furnace  and  leave  at  100  deg.  F.  under 
design  conditions.  The  temperature  within  the  living  unit  will  be  controlled 
by  a  room  thermostat  to  start  and  stop  the  fan,  hand  valves  could  turn  the 
water  off  in  the  summer  if  desired,  or  an  automatic  valve  could  be  added. 

The  hot  water  would  also  run  continuously  through  a  side  arm  heater  to  heat 
the  domestic  hot  water.  We  recommend  that  the  storage  tank  be  a  standard 
52  gal.  electric,  so  that  on  heavy  usage  the  electric  could  operate  to 
boost  the  temp,  if  needed. 

The  final  engineering  design  of  this  system  will  be  done  as  soon  as  the 

type  of  structure  is  known.  We  are  recommending  a  structure  that  is  insulated 

and  designed  to  meet  the  ASHRAE  90-75  standard. 
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APPOENIX  C 
RECOMMENDED  BUDGET 

Down  Hole  Heat  Exchanger.  380  ft.  $   900.00 

Distribution  Piping  400  ft.  @  $5.00/ft.  2,000.00 

Pump,  Expansion  Tank  and  Accessories  900.00 
Air  Hanling  Unit,  Coil  &  Controls 

4  (a  S750.00  ea.  3,000.00 

Ductwork       4  (a  $1,500.00  ea.  6,000.00 

Metering  and  Controls  1.000.00 

$13,800.00 

10%  contingencies  1,300.00 


$15,100.00 
Engineering  2,500.00 


$17,600.00 


Above  estimate  of  cost  figures  include  contractors  overhead  and  profit. 
It  is  assumed  that  the  owner  will  lay  the  underground  distribution  piping, 

The  difference  between  the  estimated  $17,600.00  and  the  $15,000.00  grant 
will  be  paid  by  the  grantee. 
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Mr.  Frank  Gruber 
6240  Center  Drive 
Helena,  Montana  59601 

BROADWATER  RESIDENTIAL  HEATING  SYSTEM  -  JGK-34-77 

Dear  Mr.  Gruber; 

The  meeting  held  9-22-77  was  most  beneficial  for  understanding  the  nature 
of  your  geothermal  development.  As  was  presented  earlier,  the  chemical 
analysis  reveals  no  special  materials  problem  and  therefore,  standard  copper 
may  be  used  for  heat  transfer  areas  and  chlorinated  PVC  schedule  40  pipe 
for  transporting  the  water  from  well  -  house  -  discharge. 

The  geothermal  heating  system  therefore  is  essentially  the  same  as  a  hydronic 
(hotwater)  system  where  the  geothermal  water  is  being  used  to  replace  the 
fossil -fuel  fired  boiler.  One  different  item  would  be  providing  domestic 
hot  water  from  the  geothermal  water.  With  the  Fluoride  content  above  those 
set  by  national  standards,  it  is  suggested  that  you  not  use  the  geotherml 
water  directly.  One  alternative  would  be  to  use  a  hot  water  storage  tank 
developed  for  the  solar  market.  These  tanks  have  an  inside  coil  for  circu- 
lating solar  heated  water  and  could  be  used  for  circulating  geothermal 
water  equally  as  well.  This  circulating  coil  is  used  to  transfer  heat  to 
domestic  cold  water. 

Enclosed  are  the  following:  1)  McQuay  literature  on  large  size  fan-coil 

heating  units; 
and  2)  A  simplified  diagram  of  how  to  connect  the 

geothermal  heating  system. 

From  the  diagram,  it  is  seen  that  tte major  equipment  items  will  be  a  well 
pump,  expansion  tank,  air  eliminator,  fan-coil  units,  and  the  solar  storage 
tank.  The  expansion  tank  and  air  eliminator  should  be  sized  once  your  total 
system  capacity  has  been  established.  The  fan-coil  unit  sized  for  a  1200  sq. 
ft.  house  in  Helena,  Montana  should  deliver  approximately  50,000  Btu/hr.  Two 
McQuay  units  that  size  are: 

SHD-081A  6  row,  SOOcfm,  5.7  gpm,  $395.40 

SHD-121A  3  row,  1200  cfm,  6.3  gpm,  $432.00 


Mr.  Frank  Gruber 

JGK-34-77 

5  October  1977 
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Other  fan-coil  units  may  be  used  depending  upon  the  water  flow  rate  and 
air  velocity  desired.  The  enclosed  McQuay  brochure  will  help  determine 
the  unit  to  choose. 

The  hot  water  storage  tank  (solar)  should  be  available  from  a  Montana  solar 
equipment  company.  One  such  company  here  suggested  a  Ford  brand  name:  Ford 
TC-65.  This  particular  model  has  a  capacity  of  65  gallons  storage,  1-3/4  inch 
fiberglass  insulation,  3/4  inch  copper  coil  and  costs  $321.00.  Temperature 
controllers  (standard)  are  required  to  regulate  solenoid  valves  (extra) 
to  control  the  geothermal  water  flow. 

The  above  mentioned  equipment  items  should  be  presented  to  the  heating  con- 
tractor for  his  final  design  and  selection.  If  we  can  be  of  further  help 
in  the  design  or  construction  pliases,  please  feel  free  to  contact  the  under- 
signed. 

^ery   truly  yours, 

Joe  t,   Keller 
Geothermal  Projects 
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Enclosures 
As  Stated 


1.  Annual  heating  requirements 
=  12,000  X  DD/year 
=  12,000  X  8190  =  98.28  million  Btu/year 


2.  Hourly  heat  requirement 
=  600  (65  -  (-17)) 
=  49,200  Btu/hour 
+  25%  overload  =  12.300  Btu/hour 
Total      =  61,500  Btu/hour 


-17  =  99%  of  time  the  temperature 
is  above  -17° 


3.  Flow  rate 

61,500  Btu/hour  =  500  x  gpm  x  ^T         /^T  =  20Of 


61.500 
500  x  20 


=  gpm 


6.15  gpm        =  gpm 

4.   Piping  @  5  feet/sec  velocity 

@  10  gpm  for  heating  &  providing  hot  water 

5 '/sec  X  60  sec/min  x  X  square  feet  =  10  gpm  x  0.1337  ft^/gpm 


X       =  0.004456  ft2 
or    radius   =  0.45" 
diameter  =  0.90" 


5.  Hot  water  requirements  @  50  gallon  tank 

@  22  gallon/hour  recovery 

@  5.5  kW  input  for  electrical  type 


5.5  kW  X  3412  Btu  =  18,766  Btu/hr  =  50.0  x  gpm  x  20°? 
kW 

gpm  =1.88  gpm  =2  gpm 


6.  Plastic  CPVC  pipe  schedule  40  1"  rated  at  215°F  and  264  psi 

cost:        $1.30/foot  pipe 

$3.60/foot  installation 

2.15/cubic  yard  trenching  §  3*  depth 

$0.46/cubic  yard  fill 

trenching  and  fill  for  200'  =  $  522.00 
piping  200'  1.290.00 

Total       =  $1,812.00 

7.  Discharge 

cost  as  above 

500  X  flow  rate  x  temp,  drop  =  Btu  per  hour 

PVC  schedule  40  -  140°  @  60  PSI 
CPVC  schedule  40  -  160°  @  180  PSI 


: /PICAL    HOT  WATER   DISTRIBUTION   SYSTEM 
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